THE BREEDING HABITS AND THE SEGMENTATION OF 
THE EGG OF THE PIPEFISH, SHRIOSTOMA FLORID^E. 



By Eugkne AViij>is Gudcer, 
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INTRODUCTION. 

Throu<>*h the kindness of Prof. W. K. I>iooks, it was made possible 
for me to ^’o to Beaufort, North C^arolina, in tlie smmnor of IhOib and 
while there 1 began, at his suggostion, to collect material for the 
development of the head skeleton of the pipetish. I soon found 
young embryos and segmeiiting eggs, and, wishing to take up the 
embryology of this tish, I defei red the former woi-k till a later date. 

The collecting of further material and the observations on the 
breeding habits were made at Beaufort during the summers of IhOo 
and lh04, when, with running sea water at hand, the difficulties 
necessarily attendant on this work were material I 3 " I'educed. 

This preliminarv work was done in the laboratorv of the United 
States Bureau of Fisheries at Beaufort, North Carolina. 1 am indel)ted 
to the Commissioner, Hon. George ^J. Bowers, for the opportunitv 
to make use of the most excidlent facilities at hand there. To the 
director. Dr. Caswell Grave, 1 am under obligations for many helpful 
suggestions. 

The further work ^vas done in the biological laboratorv of the 
Johns Hopkins University. To Prof. W. K. Brooks, I am verv grate- 
ful for the interest taken in mv work and for advice and direction. 
I also wish to thank Dr. E. A. Andi\wvs and Dr. Caswell Grave for 
advice in overcoming the technical difficulties of mv work. 

MATERIAL AND METHODS. 

]\lale pipetislies with full pouches were brought into the laboratorv, 
and there the upper end of the pouch was opened w ith forceps and a 
ttwv eggs removed and put under the mici’oscope. If these were in a 
stage wanted, the head of the tish was cut olf. the tla[)s of the pouch 
slit open with sidssors and removed (freipumtlv bringing eggs with 
them), and the eggs removed bv tearing w ith needles the tissue binding 
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tlieiii down. If the were too youno-, the tish wtis put ])uck in run- 
nini:* water and examined again later, although it raridy .sm'vived a 
second operation unless tlic eggs were newly laid and hence came out 
easily. This is a wastefid process, since many eggs are spoiled in 
removing them. The obtaining of a series of eggs and eml)iyos of 
is a long, slow, and lal)orious task and is ([uite as much 
tlu‘ i‘esult of chance as of skill and knowh^dge. 

A variety of killing fluids has been usial. The oil drops uiulei* the 
gei’in disk were so ])laekened by osmic acid and Flemming's fluid that 
these reagents could not be used. Acetic alcohol, Kleinenberg, 
sublimate-acetic, picro-acetic, all gave good blastoderms, but the }a)lks 
generally went to pieces. Excellent results were obtained with /vv.sA 
Perenyi, 10 per cent, and 20 per cent formalin, and, foi* later stages, 
Gilson's and Worcester’s fluids. This latter is one of the best fluids 
for killing teleostean eggs with which I am ac<[uainted. It is composed 
of saturated sublimate in 10 percent formalin, 90 parts: glacial acetic, 
10 parts. The eggs are left in this from thirty to sixty minutes, 
washed in water, nin up into 70 per cent alcohol, and the excess of 
sublimate removed with iodin. 

The eggs, bound u\> in masses when taken from the waterv killing 
fluids, were sometimes put into a 10 per cent solution of hy])ochlorite 
of sodium or potassium to soften the connective tissue and the trans-- 
parent egg inembraiies. Ovei*-exposure to these fluids was very hui’tf ul 
to the blastoderms, and generallv the eggs were rim up into 70 per 
cent alcohol and the shells removed with needles. 

The younger lilastoderms were picked off the yolks and sectioned, 
but the protoplasmic processes from the periblast made it impracticable 
to get the blastoderms in late stages away whole. These eggs were 
cut whole, and for this purpose those killed in Perenyi's fluid, on 
account of their soft yolks, were especial I3" good. The }^olks of eggs 
killed in formalin, if kejit in alcohol long, bmd to l)ecome hard, hence 
the}" should be gotten into paraffin as quickly as possible. 

In order to orient whole eggs in the pai'affin it is necessarv to stain 
them. By putting them in full sti*ength boi-ax-carmine for from one 
to two minutes, the embrvonic tissues take the stain before the yolks, 
and there result red blastoderms on yellow 3mlks. 

The eggs were eml)edded in paraffin, and sections cut from 5 to 10 
microns thick and stained either in i\byyer’s Inemalum oi* Ileidenhain's 
iron h;ematox3din. The former gave such beautiful pi'eparations and 
was so easy to manage that it was almost exclusivel3' used. 

HABITAT. 

Pipefishes are found in all the warm and temperate oceans of the 
world, but are not (vxclusivelv marine. Day (1805) I’epoils that 
nat/uis ascends rivers in Gochin China miles above tide 
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limits. Again (1878), ho tiiids that S. rsy>»/cv/v7% Iclttlt tfOiUDn j>us earc(\ 
and thi*oo spo(des of Donjtrldlnjs go up the rivers of India. Dmioker 
(11H)4) reports Donj 'trhtlnj^ hnaja fuvJ at tlh in the rivers of the 

Malayan Peninsula. Sueh are some of many records. 

In the harhor at Beaufort, in (piiet shallow waters where there are 
muddy ))ottoius, forests of 7j)^t(?ra abound and in thcau the ])ipetishes 
live. By li.>hi]ig in these with a tine-meshed seine, they may l)e caught 
in considerable numbers. 

It may be well to note that the color of these tishes changes with 
the seaweeds among which they may be found. A. jtorUhe among 
tufts of muddy eelgrass is dark green, but put into aquaria with 
Codium or l^lva it becomes bright green. S, fmen))t is ordiiiai'il}^ 
of a muddy )>rown color, l)ut si'vcral spc^cimens caught in a tide ]>ool 
tilled with red seaweed were brick i*ed in color, and from this were 
thought to be a new species. 

THE LITERATURE ON THE REPRODUCTION OF THE 
LOPHOBRANCHS. 

The liistory of the progress of our knowledge of the sexual charac- 
ters, breeding habits, and embryonic structures of the Lophobranchs 
has never been fully written. Dmneril, in his Histoire Naturelle des 
Poissons, published in 1870, and Smitt, in his revision in 1895 of 
A Ilistoiy of Scandinavian Fishes, give imperfect accounts. In the 
course of my woi’k on Stphosfoma I have i*ead all the papers 

to which I have found reference, and it seems of interest and value to 
put the facts into systematic order. It is a ])leasui'c to acknowledge 
my indehtedness to Dr. Theodore dill, of the Smithsonian Institution, 
who has genei'ously given me of his time and assistance. It is safe to 
say that had I not had the benetit of his encyclopjcdic knowledge of 
tish literature this chapte]* would never have been written. I wish 
also to thank Dr. M. L. Raney, assistant librarian »lohns Hopkins 
University, for his kindness in procmang for me the large amount of 
literature not found in our library. 

For our earliest knowledge of the pipefish, the Betoueoi the Greeks 
and the Ata/.y of the Ronams, we must go back to Aristotle, in the 
third century B. C. Ai’istotle's observations were singularly accurate 
wlieai one considei*s the en*oneous opinions held by scientists as late 
as 1880. In Book VI, chapter he says: "‘That tish which is called 
Belom\ at the season of reproduction, l)ursts asunder, and in this way 
the ova escape; for this tish has a division beneath the stomach and 
bowels like the serpents calh'd typhliiue. WJien it has pi’oduced its 
ova it survives and the wound heals up again.'" Again, in Book VI, 
chapte]* 16: *‘Th(', Belong is late in producing its young and many of 
them are burst by their ova in the act of parturition, for these ova are 
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not so nuinei'oiis as tln‘v are lai’^’e/' In Hook rhaptei’ A, lie says 
I hnaals in winter/' 

Pliny tin' Klder, in the tirst eentiiry A. D. in his Natural History, 
l^ook IX, ehapter 2<>, sini])ly repeats Aristotle and does not seem to 
have made any personal observations. 

Not so, howe\ er, Claudius Aelianus. a Roman of aliout 200 A. D., 
whose book On the Nature of Animals was written in Greek. In Hook 
IX, section 00, he Avrites: "ASince the Xva Belone small and have 

the uterus nntit for holdino- their ott'sprino-, they do not liear the 
increase of the fetuses within, I)ut bin*st, and in this way do not pro- 
duce ]>iit throw out their yonno’." He seems, hoAvever, to have been 
acquainted with Aristotle's writings. 

For nearly fourteen hundred years no further references are to 
be found. There is a blank until 1554, when Rondelet published his 
epoch-making 'H)e Piscibus Marinis." In Hook VIII he describes 
the long slit which progresses backward from the anus and in which 
the eggs are placed. He says Sij)Uf)taf Jn(s casts the eggs into this 
slit and keeps them there for some time, and he declares that he saw 
excluded from the pouch, which is formed on the female, many fetuses 
Avith perfect parts. He testities that, after exclusion of the fetuses, 
the edges of the slit coalesce. Couch quotes him that three separate 
deposits *of eggs Avere made in one pouch, and that this took place in 
early Avinter, and that these eggs Avere unequally developed, some 
nearly ready for hatching and others barely showing e^ es and snout — 
but this has not been verified, Rondelet studied the tishes alive in the 
water and his observations arc veiy accurate, barring the one error as 
to the sex of the ])ouch-beai*ing fish. This error, howevei’, Avas per- 
petuated for nearly three hundred years and Avas only overthroAvn 
after a controversy which lasted from 182>1 to 18T2. 

Conrad Gessner, whose great Thie]4)uch Avas published in Zurich in 
1562, describes the slit Avhich the female bears, and says that it is tilled 
Avith eggs in the Avinter. This is evidcmtly an echo of Rondelet, 
Aldrovandi (1613), hoAvever, is more explicit as to the structure of the 
pouch, foi' he says it is made of a fold of skin on each side so that the 
hvlhj can be distended an hen the fish is pregnant. 

Artedi (1738) says that the females are easily knoAV]i from the males 
by the large oblong sac, whi(‘h extends behind the anus to the dimin- 
ishing part of the tail, and in Avhich many ova are held. He thinks 
the pipefishes are vivi})arous, since fetuses are found in the pouch alive. 
Evidently he deems this pouch an internal structure. 

Pallas, in 1767, speaks of findijig ova ])rotruding from the longitudi- 
nal slit on the lielly of the mother, and Avonders if the male has a simi- 
lar sac. He does not understand Iioav the sperms ai*c transferred, 
wonders if sperms arc used to fecundate the eggs, and, since he tinds 
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onl\^ foinal(\s with clouht^ if there are any males. In short, he 

s(*ems to think that the tishes are hermaphi-odite. 

'The works of \Villongh)\v (l78t)) and Ca\ olini (1787) are not at hand, 
])nt references to them indicate that they added nothing of value to the 
discoveries of Ivondelet. 

The first real discovery since the time of Uondelet was made by John 
Walcott, who in 1784-85 d(‘scribed the false belly'' found under the 
tail of the egg-b(*aring tisb as being always and only on the male fish. 
His words deserve (Quotation. '‘The male ditl'ers from tin* female in 
the l)elly from the vent to the tail tin being much broader and in hav- 
ing, for about two-thirds of its length, two soft tla])s which fold 
together and form'a fals(‘ belly. They breed in summer, the females 
casting their roe into the false belly of the male. This 1 can assert 
from having examined many and having constantly found only in I he 
summer ro(^ in those without a false belly, but never in those with one, 
and on opening them later in the summer, there has been no roe in 
those which I have termed female, but onl^^ in the false belly of the 
male.’' This discovery was buried in Walcott’s manuscript History of 
British Fishes until it was found by Yarrell and made known in his 
work of the same title published in 18od. 

Pallas, in 188J, speculates as to whether the mothers recover from 
the i*upture of the belly in parturition, and, finding only females in 
the Baltic Sea, is confirmed in his idea that the fishes are hermaphrodite. 

In this same year the Swedish naturalist, Eckstroem, writing from 
information obtained at first hand, at Skargard, on Si/ngnathns 
started a controversy which lasted foi*tv 3 "ears. He declares that the 
male onlv possesses the ])oiich and bears the eggs, that a regular (‘opu- 
lation takes place which must be repeated several times, that the pouch 
becomes tilled with a cleai* white mucus in which the eggs are imbed- 
ded and on which the embrvos will later be nourished. He writes 
that in fall and winter the covers of th(‘ pouch are depressed and its 
mucous (‘ontents very gi-eatlv diminished. He finds that maiyv eggs 
are lost in transfer, that the females are generallv larger than the 
males, and in num))er about ten to one of the latter. He concludes 
that fertilization takes place in the pouch. The woi*k of the writer 
on the pipefishes of Beaufort confirms Eckstroem in all respects save 
that the difference in ridative numbers of the two sexes is not so great. 

Eckstroem explicit! v describes how a male S, acu.s^ which he had 
put into a small pool of water, bent its body so that the tail described 
a curve with the bow downward. This caused the lips of the pouch 
to open and the young came out and swam about in the water. On 
being disturbed, the father bent the bodv as before and the voung 
crept back into the marsupium. This was repeated several times. 
One is loth to think that so excellent an observer as Eckstroem is in 
error, but no one has ever seen this phenomenon since. Later writers 
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(juote him, or suy tishermeii repoi t/' It certuinly is not true of 
tlio pi})(4isli(‘s of Hojiufort. In th(‘ dozens of cases in which males 
were delivei’ed of 3^ouno- in mpuiria tlu're, the parent and the 3^oung 
paid no attention to each other, the latt(‘r swimmine* about imcon- 
eernedW even when the father was eanoht with the hand and trans- 
fen*ed to another tank. 

For oplihJhm^ this ol)server declares that it is the male 

which carries the eo*os glued to the bellv, and that if the fish is killed 
the eggs come awaA" easih^ in a mass. The latter is true of Siphostoma 
for!<he^ and Itathke reports the same for the Black Sea species. 

Ei‘kstroem was ignoi-antof Walcott’s work and is due the ci'edit for 
discovering (1) that the male carries tlu‘ eggs, (2) tliat there is a copula- 
tion several times repeated, (3) that the embrvos are nourished while in 
the pouch tliough not as he thought. When published, Eckstroends 
results started a great controvers3y and lie asked his friend Ketzius to 
undertake an independent investigation. This the latter did, bv dis- 
section, in 1833, and emphaticalhv declared that Eckstroem was cor- 
rect, that it is the male fish onlv which carries the eggs, and he won- 
dei’ed that an3 l)od3^ (*ver thought otherwise. 

In 183t), Yai'rell made known Walcott's discoverv and confirmed it 
from his own dissections of S, acui^. He agrees with AValcott that 
the 3^oung begin to breed when 3^ inches long. The 3mungest 
Siphostoma with a pouch, which the writer has seen, was 4^ inches 
long and was laden with eggs. Walcott, Eckstroem, and Yarrell were 
the first naturalists who bi*oke awa3' from the statements of the older 
writers and investigated for themselves. 

In 1833, Rathke described from dissections the sexual organs of 
vS'. carfipatus from the Black Sea. He excised the ovarv of a fish 
])earing eggs and described round bodies projecting on the inner walls 
of the tubes. These he thought to )>e eggs in their follicles. In the 
various forms of the Loj)hobranchs, however, the ovarv contains a 
nearlv central raphe, from which eggs are budded off in a spii*al, and, 
even in a veiy 3^oung ovaiyy, the eggs are of a 3udlow-red color. Sec- 
tions of a testis reveal just such lai’ge vesicular cells as he has leported. 
H(' described the skin-folds of the poucli as being resorbed at the end 
of the breeding season, and correctly located the genital opening of 
Ijoth sexes on the hinder edge of the anus. 

Rathke's larger and more important paper on the S3 ngnathids of 
the Black Sea appeared in the following year (1837), and while his 
lesults are difi'erent from those of any other observer save Marcusen, 
they are given with such careful attention to details that one must give 
them some credeii(‘e. He repoi ts that the pouch is formed de novo 
each breeding season and at its end is atrophied. He gives sections 
through the tail to show this and declares that he has seen this change 
man3^ times. According to his figures, however, the horny^ dermal 
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armature ^I'ow.s downward to ludp form tlie sides of this pouch (so in 
xV. //o/vV/.c), and it is hai‘d to understand how this can undergo tin* 
ehang(\s a))ove noted. 

Rathke thinks that since the anus in his tishes (xV. ni h}iccu- 
le/dus\ and is inclosed in the upper end of the pouch, the 

eggs glide out of the oviduct and into the pouch accompanied l)y an 
alhuminous Huid, which on contact with the water cements the lips of 
the pouch together, lie tinds that the interior of the pouch is like a 
schleimhaut,'^ and that linally, through the great d(‘velopment of 
the capillaries, it becomes 'Mike an intiamed mucous membrane.’’ 

In the ovaries, lying in an al)>uminous fluid, he finds large irliJtr 
cells, which when put into water become tightly stretched. In some 
individuals with cells, like the above, free in the limien of the ovary, 
he tinds not the least tra(‘c of a pouch; others have the skin under tlie 
tail very much thickened into angles at the outside, and others have 
])road folds. Hence he concludes that the ripeming of the eggs and 
the foi'ination of the ])oucli keep pace w ith one another. 

Rathke thinks Eckstroem's discoveries need confirmation, since no 
other lish in the world possesses such a pemdiar testis. He positively 
affirms that, even if his opponent be correct, the feimdes at the breed- 
ing season j)ossess the rudiments of a pouch. 11 is great objections to 
Eckstroem’s discovery are (1) that the fishes have no organs to hold 
themselves together during the transfer; (2) that he can not conceive 
how the skin folds can open for the reception of eggs and close again, 
nor how the brood cavity can become tilled with eggs to the very end. 
My own discoveries make these points clear. 

Rathke confirms the Swedish naturalist that, in addition to the 3 ^olk, 
the liquid lilling the brood pouch serves as nourishment for the 
em])ryos, and thinks that they absorb it through l)oth skin and mouth. 
His description of the development of the larva* is very full and cor- 
rect. Noteworthy is his discovery that at first the entire operculum 
is free and that it begins to grow fast to the other parts in the antero- 
ventral region and the closing proceeds posterioi’lv and doi*sally. 

In 188S, Valentin (reference from ]\larcusen not verified) described 
females Ixairing pouches, thus (‘onfirming Rathke. In the same yeai‘ 
Fries, without entering into the conti’oversy, accepted Ecksti‘oenrs 
results. He put a male Syngnath us 1 uitihrlcf forut is having eggs, with 
3 miing outlined (48 to bO hours old, prol)ably) and cemented o!ito the 
bellv, into an a([uarium, and on the ninth day thereafter some .young 
were hatched and on the next da}^ the others. These lived seven da.vs, 
and in that time nearl}" doubled tljF*ir length. 

The adult fish has neither pectorals nor caudal and the i*ounded tail 
is prehensile, the bodv is densel}^ pigmented, and the operculum is 
bound down to the slioulder girdle, leaving onlv a small dorsal open- 
ing. Fries, however, figures and descri))es the newlv hatched voung, 
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whirh he says ])aid no further attention to the father, with lar^e ^ill 
openings, with pei’feetly transparent l)odi(‘s, and, strangest of all, 
with both pectorals and caudals, which they used fi’eely. This candal 
was a continuous tin-fold, extending from a point anterior to the true 
dorsal backward ai’ound the tail and forward on tlu' ventral sui*face to 
the anus; that is, it was a structure identical in appearance and use 
with the j^ernmnent candal of the eel. This fin-fold is permanent in 
the b"alkland Island genus, Pi'oto<u(fnj)n>'<. which (xunther thinks may 
be an embryonic Nerophien. Yarrell r(‘]^oi‘ts such a temporary lin- 
fold in salmon embryos. 

In 1840, Krohn, from dissections made the year previous, affirmed 
that the female If/j>pocY(mj)tw hnrirostr/s bears the egg-pouch, and 
that this has lining it a ^C^cJiJehnhaui <jrf<iKsrcic]tenP thus confirming 
Kathke. In this same year, this later wi’iter d(‘scribed a female S. 
i^rjtiorew< (a Nerophien) with (‘ggs on the belly, and says that the 
ovaiy (testis^) of this s})ecimen contaimMl ova of various sizes, each 
with a germinal vesicle. Sections of the testis of S. fforida^ show 
large vesicular spermatocytes lining its lumen. Probably these are 
what Kathke saw. 

Von Siebold, desirous of settling this much-controverted question, 
spent some time at Trieste in 1811, and in the following year published 
his results. He found that the wales of Syiajnatlnis ri/nchamw<.^ pela- 
{jicus^ typhle, and acus, and of Wppocainpus Jongirostris and hreviros- 
trls^ bear the eggs. He got these results: (1) by ‘'^stripping'’ the 
fishes and noticing the white fluid containing spermatocytes; (2) by 
dissecting ovaries and testes and noticing the golden-red eggs shining 
through the ovarian walls; (3) by making microscopic examinations 
of the products of 1 and 2. He wondered how Kathke or anyone 
else could have fallen into such palpable errors. 

The French naturalist, Quatrefages, published in this same year 
(1812) a paper on the embryos of S. ophidian in which he described 
the external sti‘uctures of young nearly ready to hatch. These eggs 
are plastered on the belly in the (at this time) much thickened integu- 
ment of which they make depressions. The shells are filled with an 
albuminous fluid in which the young move. 

Kroyer, whose book is dated 1853, says that the females of N. iyjdde 
are usually larger than the males, and that their numbers are about ten 
times as great. He finds that the eggs are arranged in regular rows 
in the pouch, embedded in mucus, and that this mucus disappears and 
the lids of the pouch sink in, but are not absorbed after gestation. 
He conjectures that fertilization takes place at time of transfer. 

Vogt and Pappenheim in 185h sa}^ that when the 3 "oung leave the 
pouch the yolk sac is completely absorbed, which is not true of the 
Siphostomas at Beaufort. They examined fishes by hundreds and 
never found a female with or a male without a pouch, which they 
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descrihe as riitaneoiis and outside tlie dermal ('xoskeleton. They are 
the first who deseribe tlie slit-like opening** at th(‘ antei’ior end of the 
marsiipiuiii. Th(\v think that Kathke mistook Sc(/j)Ju which nevei' 
foi-nis a pouch, for X. acus with tliis sa<‘ in the veiT first stao-e of 
development, and that, l)v imagination, he supt)lied th<^ other stages 
iK'cessarv to complete the foianation. They do not see how anyom^ 
(‘ould possibly have mistaken for a male a female with yellow eggs in 
the ovai-y. 

\\ illiain Andrews, writing in ISbO, says of S, ffjj>hh that th(‘ f)va 
lil)erated by the female a!*e ivceived into the abdominal pouch of the 
male, who has powm* of expanding its flajrs and of fastening the ova 
by a highly viscous secretion. He is the first to obser\ e that the full 
development of the ova forces open the pouch and lil)ei’ates tlie young. 
Me finds S. individuals clinging sid(‘ l)y sid(^ to bits of Zos- 

tern 1)V their tails, in which position he thiid^s that the male is enabled 
to attach the eggs to his abdomen, lie says that S. {(cus 

swim with their tails, which fact is also noted l)y Weiidand and others. 

S. according to Jonathan Coucli (186Tj, has developing ova in 

the pouch fi'om Apj‘il to October, and is very retentive of life. 
fori(lR‘ is very amphibian-like in this latter i*espect, swimming about 
and even jumping out of tlie acjuarium some time after its head 
has lieen cut off. fkiuch anticipates Huot in discovering that the air 
bladder has an anterior thick-walled and posterior thin- walled part. 
He describes three adult specimens of A. iequ(u\us {{) witli well- 
developed dorsal and venti'al fin-folds. 

In the same V(nir (1857), Lockwood was so fortunate as to see the 
delivery of young in sea-horses kept in a(piaria. One male stood 
verti(‘ally in the watei\ and pressing the point of his tail against the 
iiottom of the pouch, forced the young out at its mouth. The other, 
catcliing its tail under the edge of a winkle shell, pulled the body 
downwai'd, I'ubbed the pouch against the slndl, and thus expelled the 
young. This was repeated, with intervals of rest (the tish seemed to 
tire easily), for six hours. In August, I had opportunity to see 

the delivery of the young from the pouch of a male W })j>ov(Uupu^ 
hudsonius at Beau fold, but beyond a mei*e relaxing of the sphincter 
nuiside at the mouth of the sac nothing was remarked. 

Lockwood says that at the time the ova are I'eceived into the pouch 
its walls are thick and well lined with fat, but that, when the young- 
are excluded, the walls are only one-sixth as thick. Hence lie con- 
cludes that this fat selves as food for the young. He adds that the 
walls again become thick, so that he was several times led to think 
the pouch gravid when it was not. The writer was similarly deceived 
once, even so far as to try to open the pouch, whose walls must have 
been live or six times as thick as those of a breeding pipetish. 

To Lafont is due the credit for discovei-ing the mode of transfer of 
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tlio In 1S()9, in an aquarium where he had a number of S, 

he notii'ed two closely embraeinj;* eaeli other. These he 
separated, and found that the pomdi of the male was empty, but that 
the two folds were oelatinous, vascularized, and soldered throiioTout 
their whole leno'th, save for a little openino* at the anterior end. The 
end of the oviduct of the female projected some r> to 8 mm. beyond the 
anal reo'ion, and this was introduced into the opening- of the sac of 
the male. They were put back into the water and came together time 
after time, the female repeatedl}" putting the end of the oviduct into 
the opening of the pouch. lie noted that oidy at the time of laying 
Avas the oviduct so elongated, at other times it was oidy about 2 mm. 
long. 

The observations I have made substantiate these in all respects. 
Lafont, however, stated that the eggs, after l)eing laid directly into 
the pouch, were arranged in four ranks around a central axis; that they 
went with ease into all parts of the ponch, where they were implanted 
in the mucus by the aid of fibers M'hich came to anastomose with the 
central axis, and served to nourish the fetuses. As will be shown 
later, this is not true of S, florid^. His idea of nourishment in the 
pouch falls in, however, with the conclusions of Eekstroem, llathke, 
Lockwood, and others. This most important and interesting account, 
of which the above is almost a literal translation, seems to have been 
lost sight of — Dumeril and Smitt being the only authorities who cite it. 

Canestrini, in 1871, hypothesized the manner of transfer, thought 
that fertilization took place after the deposition of the eggs, and dis- 
covered a minute anal fin in the duct made by the anterior end of the 
pouch in the Lophobranchs. The same was reported by Kathke 
(1837) in the young of the Black Sea Syngnathus argentatax. The 
anal is very minute in florid^e, and so hidden that it was unnoticed 
until 1 had first found it in the embryos. 

Canestrini atfirmed that in the 3 ^oung of irq>pocam}>UH hreviro^trh^ 
•5.75 mm. long, he found a small but perfectly distinct caudal fin, and 
refers to a fossil sea-horse (?) Cidamostoma which liad a caudal. Dr. 
Theodore Gill, however, informs the writer that Cahnnostoma was not 
a sea-horse at all, nor was it in anvwise nearlv related. In the young 
of //. hadsonhi.s^ S mm. long, just hatched from the pouch, there is, 
projecting beyond the end of the notochord, a blunt, spine-like bodv 
which Ryder (1881) figures and describes as a caudal fold,'' but which 
is whollv devoid of fin rays. 

Maicusen and his pupil, Passentewitsch, spent several months at 
Odessa, on the Black Sea, in 1872, reviewing Rathke's observations on 
the Syngnathids. Their work ma}^ be summed up as follows: 

(1) In A. argr}itatas and tei^uirostrl.^ both males and females possess 
caudal pouches. 

(2) In hundreds of specimens examined, no female of these species 
was evei’ found with eggs in the j)Ouch. 
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(3) Fenialos of these two j>])eeies without poiiehes were found. 

(4) Mules of S. buccu/c))fi(S have pouches; f (‘males ne\ (‘r do. 

(5) Males only of ScijjfJucu.^ feres possess the pouch. 

Thus was the work of llathke corrected in i>art, contii’ined in part, 
and wholly cleared \ip. It may be well to say here that, in hundreds 
of pipehshes at Ik'aufort, males without and females with pouches 
have never been found l)y the writer. 

In 1874, Dufoss(^ described how sea-horses under his obsei’vation in 
1854 held themselves tij^htly together by theii* twisted tails. Observa- 
tions made in the year of publication showed that, while thus held, 
the female passes the e^-gs into the pouch of the male. Dufoss(' noted 
tliat at this time the })ouch possesses many thick folds, which secrete 
a mucus for the nourishnient of the younii;-. He seemed to have been 
wholly ignorant of the work of his compatriot, Lafont. 

In May of the same year Fanzago. working in the Zoological Station 
at Naples, independently made the same discovery. He writ(‘s that 
the sea-horses make use of their prehensile tails as an aid in the act of 
coition. A few eggs only, perhaps just one, are passed at a time, 
hence the coition must be repeated. The male apparently is passive 
and invites the female to introduce the oviduct into the nioiith of th(‘ 
pouch. Contact is short and is repeated five or more times in a short 
while. As will be seen later, in S, ^fioridie th(‘re is a sexual embrace 
in which ]>oth animals are active. 

A. H. Malm, in his inaugural dissertation at Lnnd, in 1874, tinds 
no continuous tin-fold in N. fypjth\ but states that the tail is at tirst 
protocercal, secondly heterocereal, and tinall}" homocercal by resorp- 
tion of the end of the notochord. Malm agrees with Eckstroein that 
the transfer takes place in deep water, and thinks with Krover that 
fertilization takes place after transfer. He found a }a)ung male DO 
mm. (3.0 inches) long with a pouch, and another 140 mm. (5.0 inches) 
long with eggs. It is noteworthy that Malm concludes that the 
‘Vslime'' in the pouch is identical with that on the body, but, pro- 
tected bv the pouch, it is not washed away; thus in a S(‘nse he antici- 
pates both Huot and Cohn, but he does not think that it is used for food. 

At Kiel, Heincke (1880) found that in. N. typjih the females are 
larger and more numerous. Both these points hold good for the pi])e- 
tishes of Beaufort, the proportionate numbers being about three males 
to every seven females. In N. typhle the })ouch is not tilled at oin^ 
time, but there may be several transfers extending over several days. 
This is true of A. sometimes eggs of thr(‘(‘ di tie rent stages 

being found in the same pouch, Foi* the period of g(‘statii>n, Heincke, 
not knowing the ages of th(‘ eggs at the biginning, tixes a minimum 
period of fourteen days. As will be seen latiu*, the p(uh>d for A. 
jf or idle s(‘ems to be ten days. Bri‘(‘diug in A. typJdc takes placi* fi*om 
May to August; the pouch is not resorbed and the young do not go 
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buck into it. The yoiiiu^ grow rupi(il>" and become sexually mature 
in one year. 

From observations made in ISSl, and prior thereto, Ryder thinks 
that the eggs of tlu‘ pipeHshes are impi'egnated at the tiiiie of trans- 
fer, and that the period of d(‘velopment is from twelve to fourteen 
days. He avers that in the young of /S, pecl'lauu-^ {S, fa. scum) there 
is developed a low, continuous tin-fold which, howev(U% is never so 
prominent as in other Teleosts — for example, Gadu.s. However, on the 
eontraiw, in 18Sd, Ryder writes that 'Hhere is no continuous iin-fold 
develo})ed at all in Sip}io,sto)Ra ov Wppo<xu)t 2 )us.^^ In his earlier i)apei’ 
(LSSl), he sa 3 "s that the operculum is from the beginning tied down, 
leaving only a spiracular-like opening', thus contradicting Rathke 
(1837). 

McMurrich (1883), from work on S. fi.scum at Beaufort, atiirmsthat 
the young when born are 10 to 11 mm. long and have the yolk-saccom- 
pletel}^ absorbed. I have young of this species neai'ly ready to hatdi, 
but possessed of a very large yolk-sac — one too large to ])e absorbed 
before hatching. The hatched 3 mung of forldm^ 11.5 mm. long, 
possess the remnants of the yolk-sac inclosed within the abdominal 
walls. This is not visible in the whole mounts, but is shown in sec- 
tions. Two young (species unknown) from the ‘“'tow,'' one 15 mm. 
the other 18.5 mm. long, show a considerable remnant of the volk 
inside the body walls. The}' are the largest voung in mv possession, 
the next oldest being DO mm. long, and (males at any rate) sexualh^ 
mature. 

Mc]\Iurri(‘h further says: In young stages an anal is present, 

which, however, does not pass be 3 X>nd the stage in which fibrillation 
begins, but aborts, and is entirely wanting in the adult.'" Laryrn of 
this sp('cies 5.5 mm. long and with a great yolk-sac (some days away 
from hatching) i)ossess the I’udiments of the anal, and adult examples 
in my possession haye yery small Init perfectly distinct anals. Kiipffer 
(1808) says of a Europcain Si/)i(j)t(dhus (species not giyen) that the 
young on hatching (whether from shell or poucli is not stated) haye a 
I’elatiyely large yolk-sac. Just here it may be of interest to sa}^ 
that the newly hatched ^a^ung of If. Juid.sonia.s haye no yolk-sac 
yisil)le in the whole mounts. Sections, howeyer, show a small rem- 
nant within the body wall. 

R}"der in 1880 speaks of an ‘'exceptionally discontinuous tin-fold’'' 
in S!]dio.sto)na^ from which dorsal, caudal, and anal tins are deyeloped, 
and says that T. H. Bean showed him a Sipho-stoiaa with a secondaiy 
anal tin, which could only be ex]dained by deyelopment from such a 
tin-fold. He tigiires a homocercal tail fora young ])ipetish. In the 
young of Sijd(o.sfom(( foridm up to a length of 18.5 mm. (niy latest 
stage) I lind what seems to be the remnants of a continuous tin-fold, 
especially plain on the yentral surface. This shows both in the whole 
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mounts and sections, and its only explanation seems to Ix^ that it is an 
emliryonic structure comparalile to what Fries described for A’, /tn/f- 
hi^iciformis in 1858. Ehrenbaiim and Stradtmann (1904, ti^\ 7) tiouro 
a larva of Chipea i<prattus^ 14 to 18 mm. lono-, having* on the \ entral 
surface of the tail from the anus to the caudal a delicate mem))rane, 
the counterpart of that found on S. ^orUh^. 

One is at a loss, in view of Rvd('r\s aixjuaintanec' witli the pipefishes 
a-nd his presumed knowledoe of the literature, to understand why he 
should write in 1887: ''The ei>*o*s of ^^ipluh^ionm are developed under 
a pair of integ'umentarv folds * * ^ developed on the under side 

of the tail of the ffmah." However, in this same paper he refutes 
Mc^Iurricirs error as to the anal tin of fu.Krnm, 

There is nothing* in W. A. Smith's (1887) ]3aper that need detain us. 
He theoi’iz(‘s as to the orio-in of the (4on^at(‘d jaw apparatus, and his 
statement that the youno* retreat into the pouch is seemingly an echo 
of Fckstroem. 

Lilljeborii' (1891) thinks that fertilization takes jilace in 
at the tmie of transfer, sinc(‘ the male genital opening is inside the 
anterior end of the pouch. He notes that lireeding females are very 
much larger than the males, and tliinks that the mucuis fastening the 
eggs to the belly of Sijinjuatlnis or is secreted l)y 

lx)th parents at the time the eggs are deposited, and that several trans- 
fers are made. 

In 1900, Dimcker published an interesting and valual)le paper on the 
ha])its of tlu‘ Lophobranchs, and though this does not strictl}" come 
within the scope of this chapter, still it may be not uninteresting to 
summarize it here. 

Duncker says that the Svngnathkho swim almost exclusively with 
the dorsal, but when excited may use the caudal. " In fri^e swimming 
this (the caudal) is almost useless, and never takes th(‘ place of tin 
action.'" He descril)es the 8-shaped tigiire made by the dorsal, and 
characterizes the caudal as a 'A’uddei’" merelv. S, -f^oridee stands 
vertically in the water and slowly propels itself by its dorsal tin, the 
pectorals l)eing used merely to maintain its perpendicular position; 
but when frightened or when it wishes to go from one })laee to another 
it thi-ows itself into a horizontal position and glides with great rapidity 
witli sinuous right and left lashings of its tail, at which times its 
resemblance to a serpent or an eel is very marked. In this conneetion 
it is worthy of note that the only other tishes which are known to 
swim in a vertical position are A)nj>Jti<Kn(}< according to Pai'ker and 
Haswell, Loriearhi a(‘cording to Noll, and Centrl^cm^ 
according to Willey. Duncker's oI)servations were probal)ly made 
on tishes in small aquaria; thos(' on A7 were on specimens in 

an S-foot tank and in the waters of the harbor at Beaufort. 

Duncker quotes Heincke as to the immunity of these tishes from 
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eii(‘inies, and accounts foi' this on the ground of their having a horny 
coat of mail. Anotluu* explanation for the pipcdishes of l^eaufort 
he found in the V(‘rv peculiar and otfensive odor of their skin and flesh 
After handling or dissecting them, one's hands l)ecome satui'ated with 
a peculiar and pungimt odor, very otfensive and v(Ut hard to get 
rid of. 

l^uncker says the Loi)hol>ranchs feed on small ciaistacea and the 
3 oimg of their own spiMues. Eckstroem savs the v eat the spawn of 
othei' fishes. Yanvlk Couch, and others say that thcii- food consists 
of small crustaceans and larvic of various kinds. ]\Ii(‘roscopic exam- 
ination of the intestinal contents of shows its food to consist 

of minute Crustacea and reveals the i)resence in some cases of a xery 
small tapeworm scolex. Specimens of various pipefishes have been 
k(‘|)t at Beaufort for weeks in a(piaria with running water and have 
seemed to thrive. In this connection Dunckei* is the first to explain 
th(‘ curious snapping noise made bv these fishes in feeding. All water 
is expelled from the snout and phaiynx l)v musculai' action. Into the 
vacuum thus formed, water and small crustacea laish with the smack- 
ing noise when the mouth is suddenly opened, a l)ird-like pecking 
motion of the head accompanying it. 

Duncker says tliat at the breeding season the dorsal part of the 
pouch becomes much swollen and vascularized; that an epithelial 
cement binds the lips of the pouch fast (in this he anticipates lluot 
and also Cohn); that the eggs go through their whole development 
without ever coming in contact with the water; and, finally, that the 
embiyos ai‘e bathed in the blood of the father. In short, he thinks 
this pouch a phvsiological uterus-placenta. 

The egg laying, heavers, takes place at night or earh^ in the morn- 
ing, which is true of A. and the tilling of the pouch takes 

l)lace from l)efoi’e backward, from behind forward, or from the 
middle in both dii’cctions, whereas in S, Jforidie it is only from before 
backward, lie furtlier sa\^s that the devcdopment of the eggs takes 
place unecpially I’apidlv (tnie of S. ^fiorl(hr)^ and tliat at the end of 
about twcmty da} s the foremost ones slip out, and, finally, that when 
hatched the voung are deserted bv their parents. In the Nerophiens, 
Duindver savs that the females have sexual coloration at the breeding 
season and that they approach the males. 

In 11)02, Iluot published the b(\st and most comprehensive pajiei' ever 
written on the Lophobranchs. lie is ignorant of the work of Jjafont, 
Du fosse, and Fanzago, foi' he sa vs that tln^ transtVr has never been 
observt'd. lie finds the eggs in tlu‘ marsupium of a male about equal 
ill mimluM- to those in the ovaiy of a femah' of tlie same size. In 
transfer has never Ixam ol>s(n’ved to take jilace in speciall}" 
paired tishes unless llnyv are of appi'oximatcdv the same size. 

lluot figures, in siadions through the pouch, tln^ external epidermis 
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continued into and lining the pouch as an ejiitheliuni with inanv 
imicus-secreting cells (see Lilljehorg- on this subject). This e})ithelium 
becomes folded to form for the eggs, with the membranes of 

which, since there is no zona radiata, it comes in very intimate con- 
tact, ])roIiferating to till all interstices between. Into these prolifera- 
tions ])lood vessels, forming dense networks, penetrate and form a 
virtual placenta by means of which the eggs and embryos are provided 
with oxygen and food through osmosis. The lips of the pouch are 
cemented i)v a gummy secretion, which at the same time keeps out 
the water and enables them to withstand the pressure as the young, 
surrounded by a clear serum-like tiiiid, grow and distend the pouch. 

In his etiorts to determine the time of hatching and the age of the 
embryos, II not took fresh-laid eggs from the pouch and put them into 
running water. This he also did with embryos ranging from early 
stages up to those with vitellus nearly gone and almost ready to hatch, 
])ut in all cases they died within forty-eight hours at the utmost. He 
also tried in vain to introduce eggs into the pouch. He concludes that 
the eggs of >5". dtuHerJll! are fertilized at the time of transfer. His 
work on the development is contined practically to organogeny in the 
late larvie and in the young. He confirms Couch, though ignorant of 
his work, as to the thick and thin walled pai*ts of the swim bladder. 
The young tish when hatched has a ‘'notable reserve vitellus inclosed 
within the skin of the belly." 

Two years later (lb04), Ludwig Cohn, working on typlde^ 
reviewed Huot's work on the marsupium. In thin sections, through 
the region of the marsupium, under the oil immersion lens, he finds 
that these eggs have a zona mdlutit^ that the skin-epithelium is con- 
tinued into the whole of the pouch and surrounds the eggs save where 
these are in contact, and that there are mucus-secreting cells in the 
outer but none in the inner epithelium. He ascertains that onH the 
connective tissue of the pouch contains ])lood vessels, and that the peri- 
vitelline space is tilled with the albuminous fluid which Huot noted. 

Cohn finds that the lining epithelial cells have " "-like pro- 
cesses, and that these pimetrate the pores of the zona radiata. Hence 
he concludes that food stuff and oxygen are ti'ansmitted to the perivi- 
telline space by osmosis through these slendei* pseudopods, and that 
in this way the young are nourished. He notes that at the pole of the 
egg, where the embryo is fornual, the epithelium is folded into glands 
whose mouths abut onto the adjacent zona radiata. He finds, however, 
that there is no definite position for the germinal disk. In S, jlordJc^^ 
eggs have l)cen noted with the germinal disk turned downward— that 
is, toward the folds of skin forming the jioiudi, and u])ward — that is, 
toward the body of the fish. 

The work of Cohn, confirms and extends that of Huot, and the two 
together show that the older writers were correct in their vague ideas 
Proc. N. ]\I. vol. xxix — 05 — .SO 
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a})out tlie yoiin<4* in the pouch i-eiHMving nourislunent from it. They 
luive dc finitely e.stahli.shcd the find that the iimrsupium of the nudf of 
the Lophobranchs, Avith its epithelial linin<;- and its capillaries and 
lympli vessels, is vl fnnctiomil uteruf^-jdacenta. 

I liave no fishes especially killed foi* sections thi ough the' poiu‘h, and 
the sections cut are so imperfect that no figures will be given, but on 
the whole they contirm the results of Iluot and Cohn.^' 

THE BREEDING HABITS OF SIPHOSTOMA FLORIDi^i. 

Tlie following obsei*vations on the lireeding habits of Si 2 )h(hstovH( 
foriihe Avere made in the laboratorv of the United States Bureau of 
Fisheries at Beaufort, Xoidh Carolina, duly 17, 11)08. The transfers 
were witnessed b^^ thn^e other workers. When my account thereof 
had ])een written it Avas submitted to them and their additions Avere 
included in this full statement. 

A female fish ready to give up eggs may be recognized In^ her much 
distended abdomen, due to the pi’esence of ripe eggs in the ovary, but 
much more by the oviduct protruding — as first noted by Lafont (1871)— 
and filled Avith eggs, some of Avhich may escape from time to time. In 
the nonbreeding male the haps of skin forming the pouch lie Hat in 
the ventral concavity formed b}" the outAvaivl and downwai’d projeeting 
skin-covered horny plates of mail, but Avhen sexually excited these 
haps rise, become thrown into folds and hnally unite their edges into 
the long middle seam, and form the closed pouch. 

The act of copulation is preceded by a very curious Uehe^^siileL"' 
The two hshes swim around in the aquarium with their bodies in nearl}^ 
vertical positions, but with the head and shoulder rtgion sharply bent 
foi’Avard like the letter f. Then they sAvim slowly past each other, 
their bodies touching and the male being perhaps more demonstrative, 
dust befoiT the actual transfer, the male becomes viohmtly excited and 
demonstrative, shakes his head and anterioi* body-parts in a eorkscrcAv 
fashion and Avith his snout cai’esses the female on the belly, dhe 
female responds to this but does not become so excited. This is 
repeated several times, the tishes becoming more excited each time 
they touch each other. Presently. i[uick as a Hash, the sexual embi-ace 
takes place and then the fishes separate to begin again in a few minutes. 

This embrace consists in the tishes intertwiniiig their bodies like two 
(“apital letter S\s, the one revei’sed on the other, thus bringing their 
face to face. Thus they hold their bodies together Avhile the eggs 
pass from the oviduct into the pouch. Their bodies touch at three 
places — in the anterior region, just back of the pectorals; in the pos- 

Since this })ai»er Avas sent to the printer, I have received from Dr. Theodore 
(dll a eopy of his pai)er on the Life llistor}- of the Sea-IIorses ( 1 lippoeampids). 
Throiiirh Doetor (dll’s kindness I was permitted to read his paper in manuscript 
and to avail myself of the valuable information contained therein. 
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tei'ior region, at a point about two-tliird^; of the way from the anus to 
the caudal; and at the anal ojimiings. The anal ])apilla, oi* th(^ pro- 
truding oviduct of the female, is, at the moment of contact of their 
bodies, thrust into the buttonhole-shaped opening at the anterior end 
of the marsupium. Some eggs, in number a dozen oi- more, now pass 
into the pouch and are presumably fertilized at this monumt. 

The eggs are now in the antei‘ior end of the pouch and no more can 
be received until these have been gotten into the posterior end. To 
bring this about, the male pei’forms some veiw curious movements, 
lie stands nearly vertically, and, resting his <‘audal tin and a small paid 
of the tail on th(‘ lloor of the acpiai-ium, bends baekward and forward 
and twists his body spirally from above downward. This is repeat(‘d 
until the eggs have been moved into the posterior end of the pouch. 
I do not think that any means other than the above are used to luring 




Fig. 1.— Transi-’er of EG(iS i.n siphostoma (sEMi-mACRA.MMATir). a, Position of fishe.s di'rinc; 

TRANSFER oF E(4GS; /). ATTITUDE ASSUMED BY MALE WHILE MOVING THE EG<JS BA<'KWARD IN THE 
pouch: C, POSITION OF MALE DURING PERIOD OF REST FOLLOWING SEVERAL TRANSFERS. 



this about. The pouch in a pithed" lish was opem^d and carmine 
scattered over its inner surface, but there was no evidence of ciliary 
action. S(‘ctions from pieces of both dorsal and veiural jiarts of the 
sac killed in formalin, in Flemming's or in Worcester's Hiiids, failed 
to show cilia. 

Then for soni(‘ time the animals remain (piiescent, the male with the 
baek concave, assuming the form of a broad flat capital U. T1 h‘ head 
is extended in a nearly horizontal dii’ection, and tlu‘ body in the region 
of the middle of the tail touches the Hoorof theaipmrium. This posi- 
tion is I'etained for a time vaiwing from five to t(*n minutes. Convul- 
sive movements, lasting only for a moment, may take place. 

The processes above described are repeated until the iiouch is tilled. 
In one pair the first copulation took place at Iklc o'clock and tiie 
se(‘ond at 10.05 o\*lock. In another paii* tliere were four contacts, as 
follows: 10.15; 10.34; 10.30 o'clock, at which time the eggs were only 
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halfway down tho pouch; and at li.Od o'clo(‘k. These ol)sei‘\’ations 
were made at ni^ht, between h.45 and ll.oU o'clock, in the brightly 
lighted laboratory. It is very prol)able, however, that tlu' transfer 
may take place at any and all hours of the night. It is to be noted in 
passing that the tishes seemed entirely nnatlected b}^ the lights. No 
attempt to iiandle them was made. (See Lafont.) 

It does not seem likely that all the eggs are transferred at once — 
first, ]>ecause of the curious means used to move them l)ackward in 
the pouch; in the second place, ))ecause males are frccpumtly found 
with the })ouch only half tilled; thirdly, because males with eggs of 
two and thn^e stages and lay iiigs are not infrequent. When th(‘ al)ove 
processes have been j-epeated several times, the animals are seemingly 
exhausted and remain quiet for at least two and one-half hours (the 
extent of my observations). On this sanie night a thij'd small male 
in an aquarinm with three females courted" two of them alternately, 
but no transfer was made, though they had protruding oviducts. P^or 
coition to take place, it seems necessary that the tishes should be 
nearly etpial in size. A ripe female paired with a male thi’ce-tifths 
her size dropped her eggs into the water. 

This curious love play above descril)ed is not without parallel in 
other lower vertebj’ates. ^Iordan (18hl) records for Dichujctij ! very 
interesting series of observations of a courtship, lasting several hours, 
in which caressings play an important part. Dean (isq5), in his 
account of the spawning of Lrj)[do,sfi iis^ desci'ibes how the males with 
wide-spread tins swim around the females and caress them with their 
snouts. Noi’ is sucli a courtship unknown among the invertebrates. 
Uacovitza (iSh4) has described bow the male of rnJ (juris 

strokes and caresses the female. All these contacts seem to be 
intended to excite th(‘ animals preparatory to the sexual act. 

The an’angement of eggs in tlu' pouch depends wholly on the size 
of the latter. There are always two sets of eggs, one on each side. 
Each set may consist of om\ of two, or of thi’ee j’ows of eggs, and 
these may l)e oiu‘ or two eggs deep. As noted, there may be one, 
two, or even three deposits of eggs in one pouch. In what oj-der 
these young would emerge from the pouch I can not say. Ordinarily 
the seam breaks at points all along its length to set free the young. 

The age at time of hatching can be given as ten days (with a variation 
of eight hours) from one lot onlv. These young lived four days, feed- 
ing on copepods with the same bird-like motion of the head and the 
same smacking mouth motion foiind in the parents. In another case, 
when th(‘ father died four days after the transfer, the little tishes were 
with free tails. 

Tli(' eggs \\ ilhin tw(mty-four hours after deposition may easih" be 
extracti'd fi’om the })ouch, coming out in masses, without injuring the 
father. In two cases, males relieved of eggs received a fresh lot durhig 
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the following’ night. One of these, sti’ipped tlio sei-oiul time, dii'd jifter 
taking on n third lot. When the eggs have l)e(*n in th(' ])oueh thirtv- 
six or forty-eight hours they Ixh-ouk' finidy fasteiuMl to it both at top 
and ))ottom, so that it becomes »ieeessai*y to kill tin' tish and then cut 
away the flaps of skin l)efore one can (‘xtract the eggs. 

The fishes vaiy in size. The extremes in egg-lx'aring males of X. 

J have found to ))e 4.5 to 8.t) indies, and in females ?y to S.4 
inches. As a general ruh\ howev(‘i‘, tin' females are somewhat the 
larger. 

THE SEGMENTATION OF THE EGG OF THE PIPEFISH— 
SIPHOSTOMA FLORIDi^. 

1. THE OVARIAN KGO. 

The ripe egg of this fish is of fairly good size, having a diameter of 
about 1 mm. It poss(\sses a thin transparent membrane or shell, 
which, under the one-twelfth homogeneous oil immersion lens, shows 
no structure in sections, but in surface views presents, when stained 
lightly with luemalum, a notably punctate appearance. These mem- 
branes were generally removed after killing the eggs, ])ut, if left on 
the eggs, do not g(4 v<‘ry hard and offer no obstruction to embedding 
and sectioning processes. The eggs are formed in ovaries which, 
viewed fi*om without. ]3resent the ordinary Y-shaped strindure (‘onimon 
to th(' Teleosts. These ovaries are two tubular organs situated in the 
posterior dorsal portion of the body cavity, and are confluent behind 
to form the short oviduct whicli opens on the posterior lip of the anal 
aperture. 

However, when one of the ovaric^s is sectioned, a verv interesting 
structure is revealed. Running lengthwise throughout the whole 
extent of the ovary is a raphe situated about two-thirds of the dis- 
tance from one wall. From this eggs are budded otl‘ in succession to 
foi’iu a spiral of eggs which surrounds the raphe, the outermost egg 
lieing the oldest and largest. As this egg ripens it mai’kedly inci’cases 
in size and crowds the other eggs together with the I'aphe closely to 
one side of the tube. In the ovaries of older and larger fishes, two or 
three eggs may ripen side by side and then the raphe and its young 
eggs are very much crowded and contorted. As the eggs liecome ripe 
they enoi’iuously distend the ovaries both in diameter and hmgth^ — in 
length until they frequently extend foi’ward to the region of the 
stomach. At this time females ready to spawn are noticeable for 
their greatly distended abdomens. 

Th(' young eggs, as tirst ])ointed out by Cunningham have 

large nmdei with several mich'oli, but in the older ovarian (‘ggs the 
gei niinal vesicle is not so appai*ent. The grown egg, still attacln^d 
in the ovary, is sun'oumh'd by a lav(W of }>eriplieral oil drops. This 
same structure persists in tlie eggs after (‘xtrusion, so that the ger- 
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ininiil V(‘sii‘Io can not lx* sc'cn. 14io sections 1 liavc made of e^’^'s just 
(‘xtrii(U‘d are so unsatisfacdory and so little und(‘rstood that further 
investiofation is necessary befort' sections are tio-nred. T1 k‘ older 
observers, Retzins (iSM:}), Rathk(‘ (ISot;, 1837, 184(J), Voo-t and Paj)- 
peidieim (1851t), althoiio-h they studied the ovary with the microscope, 
missed these peculiar sti’uctures. Later o])servers — Brook, McLeod, 
Cimninoham (1897), and II not (1902) have made sections but have not 
o*one very far into the structui'e, nor will I myself do so now, since it 
is my intention to work up the oroanizatioii and dtn elopment of this 
oro-an later, the material for this beini»‘ now on hand. 

II. THE METHOD OF DEITISTTIOX. 

This has already been desci'ibed in the lirst part of tliis paper, l)ut 
it may be well to em]>hasize the fact that the j)rocess is such as to 
prevent absolubdy any contact of the and sperms with th(' sea 

watei*. 

HI. FEKTIUZATIOX. 

The egg of SiphosUnna fIor!(he^ as before mentioned, possesses a 
very thin and perfectl}" transparent shell. This surrounds an egg 
made up of straw-colored yolk having many oi*ange-i’ed oil globules 
iml)edded in its periphery and these sun'ounded in turn by a thin pel- 
li(‘le of protoplasm. The colored oil globules render the egg so 
opacpie that 1 have never been able to tind the micropyle. Yet, 
strange to say, the egg of a related European form, Syngnathu^c 
opltUUon^ was the tirst lish and possibly the first vertebrate egg in 
which this opening was discovered. Whether this egg is transpai’ent 
or not 1 can not say, but in it Doyere (1849) found the micropyle just 
ovei’ the dhipic prolnjerer and gave its diameter as ^ } g mm. 

A. Xataml f<rtil hation. — Different investigators vary in their 
conclusions, oi*, more correctly, their conjectures, as to the time of 
fertilization. j>riori^ one would expect the fertilization to be 
(‘fleeted at the time of transfer. Probably the surest way to deter- 
mine the time of impia'gnation would be to take a male immediate!}" 
after the transfer, (‘ut through the pouch just back of the forward end 
behind the genital opening, and then examiu(‘ the eggs in the hinder 
part of the ]jouch foi’ sp(‘i’matozoa. This 1 had intended to do during 
ea(‘h of the past summers. Although there were numerous transfers 
between fish kept in a([uaria each summer, yet I saw the copulation 
on oiu‘ night only (in HH)3) between two pairs of fish. The seeming 
necessity for keeping these hsh for the early stages of segmentation 
prevented my sacriticing (‘ithei’ to determine this point. 

Iluot (1902), Lilljeborg (1S9I), Ivvchu* (1881), and others think that 
the fertilization tak(*s phme at the time of copulation, while A. M. 
Malm (1874) and Ki-oyer (1853) think that it follows later, and 
Ekstroem (1831) believes it takes ])lace while the eggs are in the pouch. 
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My own l)olief is that spei nis and ova aro (‘mitt(‘d sinmltan(‘ously , {ind 
while I liave no direct evidenc(‘, the followin^^ facts corroboratory of 
tliis conclusion are adduced. 

1 believe that th(' extraordinary or period of sexual 

excitation of these fishes, descidbed above, is intended to prepare them 
for the mutual dischartfe of the sexual ju'oducts. In the description 
of the copulation and Jittendant phenomena, attention has l>een called 
to similar sexual (‘X(*itements in an Amphibian, a Oanoid, and a Cepha- 
lopod, whicli are preparatory to the discharoe of sperms as Avell as of 

Co't»‘S. 

But the second set of phenomena is still more strongly con obora- 
tory. On duly <>, IdOd, tAVO fish Avere paired and during the night 
they copulated. They remained in the same a(tuariiim for four days, 
and then the femah* Avas killed, her ovaih's ex(*ised, cut up, and put 
into fixing Iluids, Avhile some of the ovarian <‘ggs, Avhich fell into the 
body cavity, Avere also kilh‘d. \\dien these eggs Avere examim‘d some 
months later, among them AV(‘re found tAvo embryos Avith the blasto- 
pore closed. None of th(‘ other eggs shoAved aiiA" trace AvhateA^er of 
impregnation. Again tAVo lots of eggs, from a male killed in lhU2, 
Avere examined tAA o years latei* and found to be in the eight to sixteen- 
celled stage. In om‘ lot, hoAvev(U', there Avas found an embryo with 
black CA^es and free tail, and in the othei* two eggs in Avhich the 
blastoderms covered one-half, the embryos one-fourth, of the circum- 
ference of the egg. These tAvo lots of eggs had never been removed 
from the shells, and these shells Avere still bound together in masses 
as they came from the t)ouch. Thus all chance of the eggs having 
])een mixed is eliminated. Again a lot of eggs put up in August, lh04, 
AA^ere found to he in the eight-celled stage, but among them Avere found 
two eml)ryos Avith pectoral tins. 

It is true that in opposite ends of the pouch eggs of different layings, 
and consequently different ages, are found, but neA^^r Avith diffcreiH‘es 
of age more than thirty-six hours, against about thive to five day»s in 
the above cases. From these facts I can draAv but one conclusion — 
that at the time of coition both spermatozoa and ova are simultaneously 
extruded, and, as the female AvithdraAvs her OAuduct from the button- 
hole-shaped opening of the marsupium, sperms lodge on it and Av^ork 
their Avay through it into the ovary and thei’e fertilize egg's. This 
hat)pens only occasional! v, but it seems to mi' a strong proof of my 
contention as to the time of fertilization. Gill (IbOo) quotes Nord- 
(juist, Ehrenbaum, and Eckstroem that internal impregnation occui's 
occasionally in non-vivipai'ous hshes, such as the Sculpins. See GilTs 
interesting article on the Sculpin. 

B, Avtijiclid fertUh(di(>n, This A\as tried twice by the aatT method 
and once l>y the dry. The eggs and the torn-up testes Avere thoroughly 
mixed in sea water, and aftei* a feAv minutes Avere a(‘rated in stiained 
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sea water. From a third lot of eg^'s the water was earefull}" draimnU 
and over them was poured sperm from testes which had been toni up 
in a perfectly dry disli. These were allowed to stand for a few min- 
utes, and \vere then ])laced in clean, lainning sea water. The ftnnales 
were certainly ripe for si)awnino-^ and the males wwu“e well grown and 
had not i-ecently borne eggs, so the}" wei-e presumably fertile. A con- 
trol experiment way made by putting a l)atch of this last lot in running 
sea water without th(‘ addition of s})erms. In (ill cases the i‘esults 
were the same. At the end of one and one-half houi-s protoplasm 
could be seen collecting at the upper pole. After two to three hours 
it was noticed that the eggs had tiattened slightly at the animal pole 
and that thei’e was being formed a pretty clearly defined round ger- 
minal disk, resting on a layer of orange-red oil drops. At the age of 
four to six hours tlu‘ germinal disk was at its prime, but neither then 
nor at any sul)se(pient time was there any trace of segmentation. 
From this time on the germinal disk graduall}" lost its sharp outlines, 
tiattened down, and went to pieces. In one lot of eggs at the age of 
twenty-six hours the germinal disk had gone bad; in anothei* after 
twenty-five hours it was no longer round, and its edges were irregular 
and fragmentary ; in a thii-d lot less than 10 ]^er cent of the eggs Avere 
alive after twenty-three and one-half hoiu*s. 

These eggs were all alike save that in one lot some, when taken 
from the ovary, showed a very faint aggregation of protoplasm at the 
germinal pole, while in another lot tlu‘ eggs were of unequal size. 
This latter condition is, however, by no means an uncommon occur- 
rence. Such ditferences are met with repeatedly in my preserved 
material, Avhei'c eggs one-half to two-thii*ds the size of the normal 
ones are fomid. Save that the blastoderms are somewhat smallei-, 
there is nothing unusual about the development of these small eggs. 
In this coniK^ction Brook (1887) says that the eggs of the hei*ring 
vary in size in the same fish or in fishes of different localities, but 
thinks that this in no wise affects their development. 

From my experiments it seems pretty clear that artificial fertiliza- 
tion is not possible in the pipefish, thus confirming the a priori opin- 
ion that this would not take place in fishes provided with such extraor- 
dinary apparatuses for the deposition and impregnation of the eggs, 
without their ever coming in contact with the water. Since the eggs 
will live for some tAV(uity hours in sea Avater, it must be the sperma- 
tozoa Avhich are disastrously affected )>v it. It has long been knoAvn 
that the sperms of both salt- and fresh-watei* fishes lose their vitality if 
left in the Avater any time and can not impi’cgnate eggs. Quatrefages 
first ascertained this for the pike and other f rcsh-AA"ater fishes. Hoff- 
mann (1881) says that the sperms of Srorjiirun die quickly in salt-Avater. 
Keighard (1898) found that the speians of the Avall-eyed pike die after 
ou(‘ minute in the Avatei*. 
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In this connection the experiments of lliiot ui'c \ (‘rv interest- 

ing. lie took the eggs of Si/iu/naflnfs (huH( ril'n from the nnirsupiuni 
of the male, and. being careful not to ))reak tin' (‘gg meml)ranes (thes<‘ 
eggs w(‘re presumably fertilized), put them in clean aei-abal sea water. 
This he did also with eggs just before deposition (ovarian eggs), but 
in no case did development go o)i more than a few hours. Then he 
put into the water larvie old enough to move freely, but these too died 
within forty-eight hours. I can confirm all his results. 1 have found 
that eo-o-.s in segmentation will go on dividing for a short while, l)ut 
that within eighteen hours all die. The discoveries of II not (IhOii) 
and of Cohn (T40-t), that the pouch and its contents act as a physiolog- 
ical placenta, offer the explanation for the above phenomena. The 
eggs and embryos, depending on this for oxygen and food, can not 
exist out of the pouch. 

IV. MATURATION. 

Unable to fertilize artificially the (\ggs of Slj>hnstoma //o/vV/cT, and 
having found it impossibh' to get from the poucli (‘ggs young enough 
to show the formation of jiolar l)oclies, I am unfortunately not in posi- 
tion to say anything of tlu' process of maturation. For the lat(^st and 
best work on this phenomenon the reader is referred to Behreifs 
pajier (1898). 

V. FORMATION OF THE (\VAIN DISK. 

In the pipefish, fertilization is not necessaiw to bring about the 
formation of the g(‘rminal disk. Immei-sion in water supplies the 
stimulus as it does in many other fishes. All workers on the Salmon- 
oids. Ziegler (1SSL>), Ilis (1899), and others, so report. Kowalewski 
(188(3) found it true for tlie goldfish, as did Agassiz and Whitman 
(188.5) for Ct^nolahnix. though they state that foi- ])elagic eggs the germ 
disk is generally not formed until after impregnation. Brook (1887) 
confirms this for the herring, but I have found that the ('g’gs of the 
sargassum fish, Pferoph rt/nt’ ///Vc/o, form the gxu'in disk shortly after 
extrusion, llertwig says (Ilandbuch, p. 544): "*()u(‘ can emphaticallv 
sav for almost all fish eggs that by their transfer into water such a 
powerful force is broiig’ht into play that the concentration of the germ 
disk results," ])ut that ""if they are impregnated lirst, a more' rapid 
growth and larger size for the germ disk follows." 

All writers, notably Brook (1887) and Kyd(u* (1887), desciabe this 
foi-mation as brought ai)out by the streaming of the })rotoplasm to the 
germinal } 4 ole. There ar<‘ three modes in which this may take })lace: 

(1) By streams from the circumference only. This is the method 
in most fishes, esjxMaally those with pelagic eggs. (See Brook, Ryder, 
Kingsley and Conn, and many others.) 

GJ) By streams from the circuu]fei*ence with the help of little 
"" processions'’ from the int(U’ior of the yolk (Ziegler, 1882, and Oel- 
lacher, 1872, foi‘ the trout). 
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(P)) In all dinvtions from the yolk, tin' streaming goes to the gei*- 
minal disk {Cnrassim^ Kowalewski, iSSd). 

As best T ean determine, the pipefish eomes under class two. This 
matter will l)e fiiidher refei*red to in the section dealing with the 
periblast. 

Intimately connected with the foregoing is the collecting of the oil 
drops underneath the germ disk. In pelagic eggs, generally the oil is 
in one gi*eat globule near the center of the yolk, but in the pipefish 
many small orange-red globules are imbedded in the periphery of the 
yolk. When the protoplasm moves up to the animal pole, the oil 
glolndes go also and are collected under the germ disk to form the 

(It, sque of Lerelioullet. This is a phenomenon veiw common 

among Teleosts. It has been reported by all workers on the Salmo- 
noids, by Ransom (lSb7) for the stickleback, Kowalewski (L8S6) for 
and b}" many others. Rathke (1837) first described these 
processes in pipetishes from the Black Sea. lie says that the ger- 
minal disk is formed after the eggs come into water, and that the 3 "ellow- 
red dro[)s which surround the \^olk flow up to and spread out 

under the disk in a laycu* covering about one-third of its upper surface. 
Kupffer (1868), describing the egg of a European form, savs, “This fat 
forms a mass of drops of ditieixmt sizes, which incloses the germ disk 
underneath and lateral 

The two phenomena described above are intimatelv connected with 
and in fact bring about another known as the ‘‘ clearing of the egg.-’ 
As the protoplasm is \vithdi*awn from the center and the oil globules 
from the periph(‘rv, the pipefish egg becomes ''clear;" that is, the 
volk, freed from these substances, becomes homogeneous and trans- 
lucent. At this stage the egg of St2>hoi<tottKi (Plate V, tig. 1) consists 
of a button-shaped protoplasmic disk resting on an orange-red layer 
of oil globules embedded in volk and covering about one-fourth of the 
egg, the other thi'ee-fourths consisting of clear milkv 3 mlk. This 
“ clearing" has been described, essentiallv as above, b 3 " Fusari (1830), 
Kowalewski (1886). and Agassiz and Whitman (1885), for Crist 
Curasst t(,s\ and Ctennlahrus^ respectivelv. 

In connection with the al)ove processes, manv workers, especialK 
the students of the Salmonoids, have desmlbed aimeboid movements 
of the germ disk, and His. in a recent paper (1839), has described such 
activities in the l^lastomeres up to the sixteen-celled stage. Ransom 
(1867) has also figured and descril)ed anaeboid movements in the yolk 
of Ga,^t('rosteus. These movements se(Mu to assist in freeing the yolk 
of protoplasm and the germinal disk of 3 ^olk. The opacity of the egg, 
which prevented mv making out much about tlu‘. "streaming,'' oper- 
ated here against the detection of such movements. Once or twice, 
however, I thought that 1 did make them out, and in several hardened 
germs there wcu'c found such protuberances as are figured bv Ileime- 
guy (ISSS) in trout germs hardened in chromi<‘ acid. 



No.l4:n. liREEDIXa IIAIUTS AXD EEC OF EtPEVlSH—UrDEEn. 471 

Th<* oil drops in the })i polish jut not nuinei*ons onoiioh to niako 
it lloat, but from tludr location thoy maintain the o-(‘rm in an upright 
])osition. If the eg<is are overturned, this buoyaney eaus(\'< them to 
rotate quickly in the licpiid tillino- the bnnithing chaud)er'' of 
Ransom. How long- this rotation ])ei*sists 1 can not say, but certainly 
until aftei- the closure of the l>lasto])ore. Kathke (1S37) lirst noted 
this in the eggs of IMack Sea forms. He also deseribed, as best I c*an 
make it out, an alliumiuous material coagulable in water or in aii‘, 
which tills the referi*ed to abo\ (‘. Whatever may 

be the liquid tilling- this space in S. it does not coagulate in 

water, air, or in any of the fixing fluids I have used. It might l)e well 
to add here that tliis rotation of the egg is not a new ])henom(mon. 
having been reported, notably by Zieghu' (lS8i^) and His (ISPP) for 
the salmon family. 

My earliest presei’vations of eggs with forming germ disk were 
mad(‘ four to tive hours after tln‘ (\ggs had l)een placed in tin* water, 
hence I am not able to (h*scril>e by sections its formation. In any 
case, however, 1 could not hope to add anything to the (dassic })aper 
of Agassiz and Whitman on or to the more recent 

memoir of Behrens on the lu’ook (I'out. Since I preserved eggs at 
intervals of from live to twenty-tive hours, 1 have sections which 
illustiate the progressive degeiuu'ation of the ])lastodisc. So far as I 
know this has never been shown, and hence it may be of interest to 
give a few figures illustrating this ])henomenon. 

Fig. 1, Plate V, re])resents the shar])ly marked oil blastodisc resting 
on the yolk sphere. It shows the relative diameters of l)lastodisc, 
'AjUqne yolk spliere and egg membi*ane. Fig. 28, Plate VII, 

is a central s(*ction of a gei-m disk tive hours old. Tin' concentration 
of protoplasm is not yet perfect. As best Lean make it out, all has 
not yet emerged from the central yolk. The dotted line marks olf a 
region where pi'otoplasm and yolk are so closely int(‘rmingled as to be 
indistinguishable. Oellacher (1872, fig. 17) figures and describes a 
similar germ disk for the trout. Fig. 2l>, Plate VII, shows a degener- 
ating blastodisc ten hours and twenty minutes old. Such structures 
are not unfrequent in unfertilized eggs found among others i}i the 
four to sixteen celled stages in ages fi*om eight to twelve hours. 
They are also found in eggs which have been in water about ten 
hours, and, I am inclined to think, are of fairly i'(gular occurrenci' in 
degenerating blastodiscs of unfertilized eggs. 

Strieker, in 1865, described what he called an entirely new mode' of 
cell formation in the blastoderm of the brook trout that is a budding 
off of cells — wdiich he thought originated in the anneboid activities of 
the pi otoplasm. His figures show^ blastoderms w ith fi'om one to tw’cnty- 
three 'Hjuds,'' lunqis, or vesicular swadlings on the outer surface, and 
his one section is very inconclusive. Unfortunately, I have no surface 
views of ))ipetish eggs show ing any of these structures. The following 
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y(“cir Ksinsoin r(‘])oi‘t(Hl i\ siinihir ])ucl foi'matioii in tlie uniiiipro<>‘nato(l 
(‘o‘o’s of tli(' Tli(\se sliowod a lol)uIation of tlin eoncentratod 
foi'inative yolk, a sort of irrtyuular asyimiietriral nknuago/' After 
twenty-live hours ])ortions of the dis(‘us proligerns were pinched off 
and a])p('arecl as projecting l)nds/' 11 is n'jjorted in 18hh that unfertil- 
ized salmon and trout eggs after lying in water four weeks formed 
liilloeks on tl)C surface of the germinal disk by the ontpushing of fluid 
drops undei’ tlie surface membrane. Neither he nor Ransom give 
tigurcvs. Fig. 21k Plate VII, makes clear tliese various observations. 

As to the further fate of the blastodisc in the unimpregnated egg 
of the ])ij)etish, I can only say that it flattens out and finall}^ disap- 
pears. Fig. HO, Plate VII, is a central section through a blastodisc 
twenty-six and one-half hours old, which shows this flattening. Fig. 
HI on the same ])late shows a blastodisc taken fi’om a lot of eggs in 
the invagination stage (forty to forty-eight hours). It is much larger 
and its lower surface is comparatively free from yolk. The contrast 
is evidently due to the fact that one egg has been lying free in the sea 
water, while th(‘ other has been under more favorable conditions in the 
marsupiiim. Just here it may be of interest to note that while unim- 
pregnated eggs are often met witli in the ])Ouch w ith embiwos of all 
stages, none of them ever "*go l)ad.'' Ransom (1800) I’eports that he 
has kept unfertilized trout eggs alive in running water fort}"-three 
days. ]\Iore recently. His (1809) gives four weeks for the maximum 
time, and describes the mass of germ-plasm in the unfertilized eggs 
of the trout and salmon as deci’easing day l)y day and becoming more 
and more set through with oil drops and yolk spheres. The degener- 
ating blastodiscs of the pipetish in some cases show these inclusions, 
but in general are ({uite free from them. 

YI. SEtaiEXTATION. 

Before going into a description and discussion of the segmentation 
of the t^gg of iSi 1 wdsh to sa}^ that this is extraordi- 
narily irregulai-. These irregularities Ix^gin as early as the two-celled 
stage and become very marked when eight cells are formed. The egg 
under consid(‘ration equals and perhaps exceeds that of the Salmon 
family in abnormality of cell division. The surface views were nearly 
all drawn from the hai-dened germs in SO per cent alcohol or xylol, 
the opac[ue egg making it impossible to draw h\ i<itn blastoderms 
l)eyond th(‘ eight-celled stage. The drawings were all made with a 
Bausch and Loml) microscope' (the tube drawn out to IGtl mm) and 
camei’a lueida. Tlu^ suiTaee views we're' all luaele with the 1-inch (' 3 "e- 
piece and the two-thirds objective, Se'ctions wa're drawui with the 
2-inch e^vepieca' and the e)ne-sixth objeelive. Plates \" and VI have 
bee'll reduce'd eiiu'-half. tlu' others two-thirds. 
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ONK-rELI.ED STAGE. 

This is .shown in tio-. i, Plat(‘ from Jihovi^ and in tio. Plate 
VI P in section. It is high arclu'd and falls st(‘eply into th(' outer peri- 
])last, from which it is clearh^ marked oti' Iw the eircumferential 
fm’row of tlie authors. This furrow is sometimes so pronounced in 
th(' g(‘rm disk of the Salmon family that the disk litc'rally overhangs its 
base. See Ilis (PShS. tig. 1) for the trout and (tig. ' 2 ) for the salmon. 
Ku[)tfer (1S()S), however, says that in a Eiirojiean (species 

not given) tlie germ disk is not sharply marked off from the pcu'iblast, 
and that this condition holds till the end of the four-celh'd stage. 
]\lost workers on the Salmonoids, Behrtais ( ISiJS), and, notably, Ilis 
(iSbD), repn'sent the unseginmited blastodisc as somewhat smdven in a 
saucer-shaped depression. In the pipefish, however, the blastodisc, 
tig. I, Plate V, underlaid with oil globules, rests on a slightly tlattened 
area at the iippei* ])ole. Below it is not sharply marked t)tf from the 
yolk, but across its liase extends a band, al)out as wide as the ])eriblast 
to the right, composed of mixed yolk and protoplasm. The section 
shows several vacuoles to the right, which in tlu' living egg were 
pi’oliably tilled with oil. Brook (ISST) describes in the hen*ing a 
blastodisc with 3 olky base; Mis (1S99). th(‘ lik(‘ in tin' salmon. 

This blastodisc was found in a batch of eggs in the eight to sixteen- 
celled stage (eight to twelve hours). Mis (1<S99) says the germ disk 
in the Salmon is formed in from one to four days. Hei'twig (1908) 
says that the formation of the gcuaninal disk in the herring takes place 
in two hours, and in the trout from seven to eight hours. Plvidently 
th(‘ time varies with the kind of hsh, the teni])erature, and the puritv 
of the water. In the pipefish I have found it to take place in fi’om 
four to six hours. It is noteworthv that in none of the blastodiscs 
which were sectioned have I ('ver found a nucleus. Brook (iSST) could 
find no nuclei in the herring until aftei‘ the appearance of the third 
furrow. 

TWO-CELLED STAGE. 

As in Telcosts generally, the blastodisc elongates slightlv before 
the appearance of the first furrow, and, as a result, one axis is some- 
what longer tliaii the otln'i*. This is shown in lig. 2, Plate the nor- 
mal two-celled stage, in which ihe blastomeres are equal. In tig. 3, 
however, we Iiave an irregular segmentation, with one cell iuikT larger 
than the otln'i* and with a vacuole in the line of division. Of this tvpe 
(piite a numbi'r were found. 

Fig. 38, Plate VII, shows a Hat two-celled blastoderm, not detinitely 
marked od on the right from the outer periblast, in which the nuclei 
have divided, the external furrow has formed, but the cell wall has 
not V(‘t (‘ome into existence. In the line of division, the protoplasmic 
reticulum has formed a veiw dedicate network of dendritic fibrils 
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jirranged tnuisv(‘rsely to the piano of oleavao-e. Oelhu^hor (1872, ti^’. 
20) do.sorihos and tigures a seotion tliroiigli two oells of a four-cellod 
stage in the brook trout very like this. He says an indistinct streak 
nmde up of faint gi’annlations runs vertically from the external groove 
toward the base. II(‘nneguv (1888, tig. 00) gives a tigure of a two- 
celled stage very like tig. 83, Plate VII, and says that the tine line divid- 
ing the two cells is bordered on each side ))y clear protoplasm which is 
traversed by very tine lines parallel to each other and perpendicular 
to the median line, and tliat these tine lines lose themselv(\s in the sur- 
rounding protoplasm. Ilis (1808, tigs. 7, 8) illustrates and descidbes 
similar structures in the syncytium at the base of the trout germ in 
early stages. In tig. 34 we have a high arched two-celled stage in 
which the perfectlv distinct cell wall is interrupted by a vacuole near 
its center. This is plainly a derivative of tig. 32, as the preceding is 
of tig. 28. 

Fig. 35 is a section through tig. 3, Plate V, in the plane a-h^ and 
shows the split between the two cells dilated into a large vesicle at the 
l)ottom. Very frequently the division betweem the two cells takes the 
form of a deep cleft with nearly vertical walls, and at the })ottom 
the cleft may or may not dilate to form a small vesicle. These struc- 
tures are shown in tig. 36, and are oftemtimes much larger than tigured 
here. In tig. 37 we see the split being formed b}^ the breaking down 
of the walls of a series of vesicles placed verticall}^ over one another 
in the center of the blastoderm. This formation of vesicles in the line 
of cleavage was, so far as I know, tirst ligured and described, for the 
trout, by Oellacher in 1872. Balfour (1878, tigs. 6, 6a, and 6b, Plate 
I) illustrates and at some length (lescril)es vacuoles in the early furrows 
of the skate. He describes such a beaded structure, as shown in my 
tig. 37. and thinks that these vacuoles are more common than supposed, 
and that they play a considerable part in tlu^ segmentation. Brook 
(1887) describes the like in the herring l)ut gives no ligures. Kowa- 
lewski (1886, tig. 1. Plate XVII) tinds vesicles at the bottom of the 
furrows in the early stages of the goldlish. Agassiz and Whitman 
(1886) tigure, in surface views of blastoderms of Ctenolahras^ rows of 
small vacuoles extending along the whole length of the cleavage 
planes in the twu- and four-celled stages, but do not refer to them in 
their text. Fusari (1860, tigs. 4 and 5, Plate III) .shows in both sur- 
face views and sections blastoderms witli vacuoles. Some of tlu‘ sec- 
tions show vacuoles with large dilatations at the bottom like tliose in 
tigs. 35 and 3<k Plate VII. 

In the pipetish, the tirst furrow does not cut through to the yolk. 
(See tigs. 34, 35, 36, and 37.) In this respe(*t it agrees with 
(Fusari, 1860), the Herring (Brook, 1887). (Kowalewski, 

1886), the Bass (Wilso.n, 1861), the Salmon and Trout (His, 1868), but 
is unlike (Kingsley and Conn, 1882). (Cunningham, 
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ISSn), mid others, wiiicdi do out all tli(* way throiio-h. Agassiz and 
Whitman (188h) sliow that in Cfraoluhrus the lirst furrow may or may 
not penetrate to tin* yolk. There is never any such under furrow as 
the bass and < )iol<(hnts show in the first division. 

The e^’g-s are laid jit ni^ht, as early as 10 o'clock, and probably at 
any hour thereafter. At any rate, by 7 o'clock the next morning, 
they are to be found in stages of from two to sixteen cells. Probably 
from four to six hours ela})se liefore they begin to segment, since it 
takes this long for the germ disk to foi'in on (.'ggs in water, in com- 
Y>arison with six and one-fourth hours for the herring (Urook, 1887) 
and twelve to thiileen for the salmon (lloflniann, 1888). 

FOrR-CELLEI) STAGE. 

Ill tig. 4, Plate V, is shown a normal four-celled blastoderm. The 
second furrow is horizontal and crosses the first approximately at right 
angles. Thus there is formed a four-celled symmetrical blastoderm. 
Sections of this would in no wise differ from those for two-celled stages, 
save in the jilane a-h, where the beginnings of the segmentation cavity 
and the central periblast would l>e found. Such a section is not at 
hand, unfortunately- 

Fig. 5, Plate V, a more common form, shows slight inequalities in 
the size of its blastoiiiei'es. Such irregulai*itics become more pro- 
nounced until they result in reniforiu blastoderms, as fig. d, Plate V. 
Fig. 88, Plate VII, is a nearly horizontal section through the base of 
su(‘h a form as fig. 4, Plate V. The wide separation of two of the cells 
is an artefact. Of special interest are th(' segmentation cavity in the 
center and the remnants of protoplasmic bridges which competed the 
blastomeres. 

EIGHT-CELLED STAGE. 

Into the blastoderms of the pipefish egg of this stage, many very 
great and seemingly irreconcilable irregularities enter and greatly 
confuse the investigator. These were first noted on living eggs with 
four and eight cells below, two, three, and four above. Hardened 
eggs showed the same ii'regularities. Surface views of a great many 
of these eight- to sixteen-celled blastoderms were drawn. When a 
comparison of these drawings was made, they were found to conform 
to four genei*al types. This was confirmed by an examination of all 
the eggs of this stage which laid been preserved. At the close of this 
section, there is appended a table showing the relative numbers of 
these various types. 

In fig. 7, Plate Y, is shown the normal type of 8-celted teleost 
blastoderm. It is formed by two fiirrows nearly parallel to the first 
and perpendicular to the second plane of segmentation, dividing such 
a form as tig. 4, Plate V, into eight blastomeres. In this blasto- 
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derm, and in nearly all others of this and tln^ m'xt sta^’e, a eonside ru- 
ble (dongation is noticeable. 

Fio's, 8 and 9, Plate V, show variations of this normal type, which 
aie more common than the type itself, but are easily referable to it. 
Fio\ 89, Plate VII, shows a section of tio-. 7, Plate V, in the plane a-h. 
In it one of the two central eells is completely cut out of the proto- 
plasm, while at the inner end of the cell wall, partly cutting out the 
other cell, there is a little split, which in sections nearer the center will 
push a short distance to the left, but on the right will extend dear 
across, completely cutting out the cell and extending the segmentation 
cavity (v. c.). The layer of protoplasm with yolk marked c. is the 
central j^eriblast, and the cavitv above it is the segmentation cavity. 
This, however, is not the tirst appearance of either, since a section 
in the plain' a-h, in tig. 4, Plate V, would show both. 1 regret that 
I have not been aide to find such a section. The outer periblast 
never shows the periblastic ridge figured bv Wilson (1891) for 
Fig. 40, Plate Yll, is through the plane a-h of hg. 1(3, 
Plat(' VI, a normal sixteen-celled stage, but it will show the state of 
things in the plane c-c/ through fig. 7, Plate V. In this part of the 
normal blastoderm of this stage, the central cells are separated from 
the peril)last by a large segmentation cavity, wliich extends for a 
short distance under the peripheral cells, in this case the end cells 
of tig. 7, Plate V. 

Fig. 41, Plate Vll, is a section at right angles to the long axis of a 
olastoderm, similar to fig. 7, Plate V. Here the two cells are separated 
from each other by a wide segmentation cavitv {s. c.) roofed over b}" 
a protoplasmic bridge (y>. h,) connecting the two blastomeres. A thin 
split extends for some distance under each cell and partially separates 
it from the central periblast {e. j^.)^ which is heavily laden with yolk 
in its lower parts. Such protoplasmic bridges as the one shown here 
are not uncommon in this aiid the next stage. All that can be said of 
their origin is that they have been left behind when the cells were 
cut out of the protoplasm. Structures similar to this would be found 
by making sections at right angles to the long axes of figs. 8 and 9, 
Plate V. So far as 1 know, these protoplasmic bridges have not been 
figured and described before. 

The periblast nevei* comes away freely from the yolk, but is so 
obscured with fragments of this latter that it has in all cases l)een 
drawn semi-diagrammatically, the general course of the break only 
being followed. 

Fig. 10, Plate V, shows a type of eight-celled blastoderm far more 
common in the ]3ipetish than the pi-i'ceding. In this the plane of the 
thii’d furrow shifts until it becomes e^iuatorial and cuts oti‘ four some- 
what smaller l)lastomeres from four undeilying larger ones. Ilen- 
neguy (1888, fig. 89) shows a blastoderm for the trout which is almost 
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an exact counterpart of this. A section through this blastoderm in 
the plane a-h reveals the structure shown in tig. 42, Plate ^ 11. Here 
the two central cells stand above the basal ones, with the line of 
deinarkation on the right es[)ecially sharp. The segmentation cavity 
(.V. c.) and the central })eriblast (e. ^>.) an' both very iniicli reduced. 

Another very (‘ommon foiaii of eight-celled blastoderm is shown in 
tig. 11, Plate V. Here there are six cells below and two aboviv This 
is evidently a derivative of a six-celled stage freipiently met with, in 
which two of the blastomeres of tig. 4, Plat(‘ divide l)v vertical fur- 
rows. the other two cidls undergoing no (‘hangi'. Later, however, a 
division of these in a hoidzontal plane would give tin' structuia* shown 
in tig. 11. Variations of this type arc' frc'cjuently due to the' shifting 
of this pair of upi>er ccdls. Such a divergence is shown in tig. 12. 
Plate V, where' thc'se two cells iTclnced in size are shifted to one end of 
the loicger axis of the ))lastoderiii. Soinc'times these two cells are 
idaced paiallcl to tlie main axis, but over one of the' centi*al lateral cells. 
Again they may )m' shifted to lie at right angles to the long axis, over 
one of the furrows sc])arating two lateral cells, so that one' cell is at 
the edge of tlie blastodei’in. In order not to multiply hgurc's the' re is 
given only one drawing of sections from such blastodt'rms. Fig. 4o. 
Plate Vm. is a section through such a structin*e as lig. 12. Plate V. in 
the plane <(~h. Hci*e one e*entral cell is very mue*h higher than any of 
the othei' cells. The other (‘eiitral e*ell is completely cut out of the' pro- 
toplasm and is roofed over by a ])roto})lasmie‘ bridge extending from the 
high cell to the left outer cc'll. Following the sections to one side of 
this, the bridge and the cell nnde*i' it are found to unite. They would 
thus seem to have' be'cn split apart from the same mass of proto})lasm. 

Another eight-celled l)lastoderm, epdte as common as e'ither of the 
foregoing, is I’ej^resented in tig. Id. Plate VI. Here one ce'll has. by 
an e([uatorial furrow, become cut out to lie' slightly above the rest. 
The right side of the structure is normal, save that the third (‘e'll is 
slightly flattened at its inner edge' l)y contact with this e'c'ntral cell. 
As in the preceding c'ase. so here there may be valuations in the 
position of this high level cell. It may lie in the cente'r. at the edge, 
or at any intermediate position on the blastoderm. A se'ction through 
the long axis of tig. Id would give a struedure essentially like that 
shown in tig. 4d, Plate ATI I. omitting tlu' protoplasmic liridge. Klein 
(iS72, tigs. 5 and <5, Plate XVI) shows ('ssentially the same structures 
in the same stage of the trout germ, as does Henneguy (1888) in his 
tig. d8, Plate XVII. 

F^ig. 14. Plate VI. is a seven-celh'd form, in which an unmistakable 
equatoiial furrow has cut oft' three upper from four lower (‘ells, of 
which three are very large. A view of this Idastodi'rm from below is 
shown in the next tigure (tig. 15). Ileri^ the two meridional furrows 
show quite cleaidy, but there is no trace of the third or equatorial 
Proc. N. vol. xxix — 05 31 
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furrow. Tliu soo-niuntation (*a\ ity (s-. r.) is so small as to ho almost 
neo-lioi])K\ Unfortiiiiatoly, no so(‘tion of this can ho y;ivon, hut 

a comparison hotw(Mm it and ti^’. 4:^, Plato VII, will make clear its 
intornal makc'-iip. 

Those niiK^ li^-uros of the oi^’ht-colhHl stap‘ have ])oen inti'oducod to 
show (1), the oToat irrooularitios which enter into the soi 4 *montation of 
(ho pi})(4ish ('o-o- at this stage: (2), tJiat those all result from the posi- 
tion of th(^ third furrow, which, ordinarily meridional and })arallel to 
the tiist and porjxmdiculai* to the second plane of division, here 
l)(‘comes (‘(piatoi'ial, and (4), that th(‘ irreg’ulai’itios thus resulting may 
h(' reduced to four typos, which may ho tra(HHl to the very close of 
sogiiHmtation. In ordoi* to estahlisli definitely these points, a tal)le is 
given showing tin* I’cdative numhei's of the different kinds of eight- 
celled hlastoimu'es whiidi have been counted. 

From these eight-celhal hlastomeres are derived four types of seg- 
numtation which pm-sist to tlu‘ close of segmentation. From figs. 7, 
8. and V come two tyi)es of flat stnudures; from figs. iO, 11, 13 (with 
the eighth c(41 in center) there comes a high-ai‘ched type of blasto- 
derm, and from figs. ["I and 13 (with the eighth (*ell at one end) a 
type of ])lastoderm thick at one end and tapeilng towai'd the other. 
These structures will h(‘ more clearly shown in the next section. 

Table shoH''ut(/ re/all re mnnherx of blasto/lerms for earlt fifjte of the ei(jht-<‘elle<l i<ta(je of the 

Pipejirh e<i<f. 

[Types referal/le to %iires on Plates V and VI.] 



Killedin— Lot. X. XL j Xlll. XIV. 

IViviiyi 1 0 2 ' 5 ' 2 f) 

Formalin 2 4 5 | d 4 8 

IVrenyi 0 3 1 4 1 

Formalin 4 0 7 2» 3 0 

Do f) 2 8 I 3 3 0 

Su]>acetic a 0 () ' 2 4 o 

Pereiiyi 7 2 1 0 "2 0 



Total 7 8 23 - 20 22 15 j 



Six -(’el led. 



SIXTEEX-('ELLKI) STAGE. 

Intermediate between the eight and sixteen-(*(dled stages are found 
many blastoderms with twelve, fourteen, and fifteen cells. These are 
in fact mon‘ a))undant than ])lastoderms with ('xacdl}’ sixteen cells. 

Figs. U) and 17, Plate VI, sliow tin' two most regulai’ sixteen-celled 
stages that have bemi found, yet they do not have the regular struc- 
ture of the corresponding stages shown foi* Sap/utnas by Wilson (1891) 
and for ( })y Fusari (1890). These blastoderms have been 
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formed by each of the eells in ti^s. T, or b, Plate dividino- into 
two. In tii 4 \ lb all the eells save one are praetieally on the same level, 
or at most with a o’entle curve aeross the u})per snrfa(*(\ In h^. IT, 
the blastomeres are arrani»ed more irre<i’ularly . Kiu’. 40, Plate VII, is 
a section in the plane a — h of a I blastoderm lik(‘ tiu'. 10, Plat<‘ \ I. ))re- 
paring to divide into thirty-two cells. Th(‘ two central cells will 
divide to form two surface and two interioi* eell>. while the outer (*ells 
will each divide into two cells, lioth on th(‘ surfa<*(‘. This is shown 
by the position of the centrosomes. 14ie ccdls form a i»*entle arch 
roohno- over a considei'able sedimentation cavity. Phe plaints of s(‘ii- 
mentation are dilated at tlndi' outei‘ ends into vesi(‘les wliieh are i^ov- 
(M‘(‘d bv thin [irototilasmii* sheets oi* bi*idii‘es. d4, Plate^^^I^, is a 

section of some such stiaicture as 17. Ibat(‘ \ 1, in tin' plain' c />. 
Some blastoderms of this stai^v have been found in which the four or 
live cells were not (‘lit oti from the liasal p(‘riblast. but these are too 
infreipient and too little uiuh'rstood to be ri'pi’oduci'd here. Fusai i 
(iJsbO) has tigured a section like this for f V/.sY/Vv />.s, a ,u‘oby. 

In tig. 45, Plate Mil, there is shown a section of a tlat-topix'd al)ru]4- 
edg('d sixteen-celled blastoderm of a type which jbersists till tin' prep- 
aration for invagination Ibegins. What tin' aiipearance of such a 
blastoderm in surface' view would be 1 can not say; ])rol)ably it would 
in no wise ditfei’ from tig. It>, Plate Yl. The essi'utial ditb'i‘enc(' between 
tigs. 44 and 45, Plate VI 11, is the (‘ircular groove shai‘])ly marking <btf 
the outer pei’iblast {o. j/,) in the' latter. Pebssilbly the'se figures are 
derivatives of the oin'-celled stages shebwn in tigs. 2s and 4*2, Idate 
Vn. In tig. 45, Plate VllI, theie is a large' segnn'ntation e*avity 
and a yolk-laden periblast. The dotted lines show where the' outer 
perilblast has liei'ii torn away. Note' the large' dilatatiebu at the outer 
end of the right furrow and the protoplasmic liridge' covering it. 
Fig. 18. Plate VI, is a de'rivative cbf some' sue*h forms as tigs. 10, 
11, 14, and 14. It is arched, but the crest e>f the' arch is nebt in the 
centei* but to one side, and the' e*ells lie in two if nebt thre'C levels. A 
section thiough an almebst identical form (in the plane' a J>) is shown in 
tig. 4b, Plate \ 111, and make's clear its shbping ebutline* and its two 
excenti'ically [blaced high e*ells. It has one inte'riebr e*ell, which in the 
next seetioM is clear of the e-enti*al periblast (c. y>».), and has probably 
01 ‘iginated Ibv the horizontal division of an outer cell. 

Fig. 19. Plate \"1, shows a moditication e>f the arched type. Its six- 
teen cells are in two layers and the seven upper ebnes are on an approxi- 
niate level. Fig. 47, Plate VI 1 1, is a section through s(bine such blasto- 
derm as the above. Its surfac'e slo^bes gently and the h'ft peripheral 
cell projects over the outer periblast {n. p.). 11iis latter tblu'nomenon 
will b(' found fre((uently in later stages. Vacuoles ai‘e found in two 
of the division walls. 

The high-arched type of sixteen-celled blastcbderui is shown in 
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lio-, !>0, IMsito \'l. Tills is prolnibly u clesc(‘ndmit of a blastoderm like 
lio*. 14, oil the saim^ ]:ilatc. No deseription of it is needed, l)(\vond 
eallin^’ attention to tlie faet tliat the live ujiper eells are cut out by an 
e(|iiatorial furrow. This is seen bv referring- to fio‘. 21, which is a 
ventral view of th(‘ same blastoderm. Ibu-e only live of the vertical 
[)lau(\s se(‘ii from above cut all the way throuo-h. The ones nuirked 
in tii:'. 20 huve not reached th(‘ base. The small seiiTuentation cnvity 
(.S-. r.) recalls that of tig'. 15. Let us coiujiare with this the next, 
tig. 22. which is a view from lielow of a similar high-piled sixteen- 
celled stage. Here there are nine basal cells resting on the yolk, 
six in the second tier, and a central one forming the keystone of 
the arch, the whole inclosing a spacious segmentation cavity. Barring 
the fact that the segmentation (‘avity (.v. c.) extends under the marginal 
cells, tig. 48, Plate VI 11, may l)e given as a section through tig. 22 in 
any vertical |)lane passing through the keystone cell. The central cell 
has not y(d com])letely cut itself oil' fi‘om its neighbor to the rigid, and 
the cell to the h‘ft has a resting nucleus curiously (dongated. 

Th(‘re have now lieen tigured and described in surface views and 
sections, such sixteen-celled structures as may be considered tyjncal 
for the pipetish. Of these, two are siitliciently like th(^ usual teleost 
form as to be called normal, but a great majoiity, fully IM) per 
(*eid of tliose studied, are like tigs. IS, Ih. and 20, Plate VI. In this 
connection llertwig's statement (Handbuch, [)p. tJ45-b4b), with refer- 
en(‘(^ to the fourth s(\ginentation and formation of the sixteen-celliHl 
stage, is of interest. He says: '‘44ie (md result is ev(‘rvwhere the 
same, a V‘h(adv(u*board-like ' arrangement of sixteen blastomer('s. four 
in the center, and a circle of twelve marginal cells." How untrue this 
is for the })ipetish, a glance at the tigun^s giv(ui and at the table shown 
on page 47S, will demonstrate. 

EQl’AT<>RIAL PLANK OF SEGMENTATION. 

All investigators ai*e agrcHnl as to the homology between the first 
and second furrows in bdeost and amphibian eggs, but whether or 
not the third furrows correspond is a vei*y debated (pu^stion. 

Ilotl'mann (ISSl) ligures and descrilx^s in pelagic tish eggs the first 
segmentation as equatorial, dividing g(‘rm from periblast; l)ut later 
(1888). he a(dvnowledges his error and declares that in Sahno the third 
furrow is ecpiatorial. Ziegler says that the thii'd furrow in th(‘ sal- 
mon and trout is equatorial and divides eight upper from eight lower 
cells. th(‘ latter not being as yet markcHl off from a pmdblast. Kaul)ei' 
(ISS:]) mad(‘ a careful study of the subje(*t based on the well-known 
fact that tlu' fouidh amphibian fnn\)W in a great many cases is not 
truly nuu'idional but avoids the })ole and forms many structui’es like 
figs. 7 and tk Plate V. He conclud(^s that th(' lirst <(juator!aJ furrow 
of the frog has been lost in tin' Teleost, and homologizes the third 
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teleostean with the fourth (})ol(‘-avoidin^\ meridional) furrow of tlie 
froo-. For this interpretation of Rauhers(‘e Wilson (IS'JL, pp. iJ14-‘iir)). 

A^ussiz and Whitman (1SS5) think that the ani})hihiau (Hjuatorial 
furrow has become vei-tical in the Teleost, and that the horizontal 
division of the four central cells of the sixteen-celled stao(‘ into four 
outer and four inner lying cells is the tirst equatoi'ial segnumtation. 
With this latter statement Kopsch (llHil ), from his work on Brl(»h\ is 
in full accord. Bi*ook (LSST) des(*ribes, from sections of heri-ing* 
eggs (Plate XIII, tig. A), an e<iuatorial segmentation separating the 
four })lastomeres fi’om the ])eriblast. List(lS87. Plate XXXI, tigs. 4 
and 5) finds the second furrow in to be e([uatoiaak and 

sa}\s that Kiipder found the same in the herring. In f VvV/Vvy>.s, 
Fusari (ISpo, tigs. 4 and 5, Plat(‘s I and III) tinds that in the sixtcam- 
t‘elled stage, all the cells are united at the base, l)ut the next division 
sets sixteen cauitral cells free from the yolk and from sixtecui })(‘riph- 
eral cells. Tliis he calls the eifuatorial division. Wilson (ISbl, p. 
215) agrees with Raubei* (see a)>ovi‘)* Samassa (l8iMi), in the segnum- 
tation of Salnionoids, tinds as a rule that an equatorial division follows 
the eight-celled stage, altliough it sometmu's comes earlier. 




Fkj. 2. — E<;gs OP' THE Tritons in the eight-oelled stage. (After Gronross.) 



An equatorial segmentation has Ix^en pointcal out in certain eight- 
celhal blastoderms ot SJjyhosfouHt, and this givi's them a vei’v de(‘ided 
resem})lance to the upper surface of dividing amphibian eggs. 
(Irom-oss (isqo) (see IRud wig's IIandl)uch) giv('s a series of tigni*es 
foi’ the eggs of Tritons to which the tigures abov(‘ noted show veiy 
striking I'csemblances. The Tritons have eggs with relatively large 
amounts of yolk and in them the s(‘giuentation approaches the mero- 
blastic condition. 44ie t(‘xt tigim* riqiroduces some of the more stink- 
ing forms to which ]‘(‘ferenc(' will lie made. The rescmiblance is so 
stinking that no extended comparison is called for. With (tWinross's 
tig. compare tig. 10, Plate V, and also Ilenneguy's (ISSS) tig. 80. 
They are almost identi(‘al. For a (igure which almost duplicates his 
tigs, h and c, see tig. 18 on the next plate. Among drawings not 
included in the yilates is one almost identical with his tig. d. Again, 
ligs. e and f are very similar to tig. 0. The comparison might be 
extended further, but this is sullicicmt to show tlu‘ very striking siini- 
larit}^ between thes(‘ two forms. That we have here an analogous 
segmentatiou is beyond ([uestion. Th(‘ segmentation in the pipetish 
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(\uiLi' ill the l)l;ist()(l(‘nns in <|U(‘stioM is eiiiiatoriul or at least approaelies 
V(‘iT (*Ios(‘ tlier(‘to. and it si^ems Imrdly gC)ino‘ too tar to say that such 
pi])(disli hlasto(l(‘rms as ti<>'s. lo, 11, 14, 18, IJO, tlnua^ is a reversion to a 
type of si^o'iinMitation (\ss(Mitially like that of Ani[)hil)ia. 

THIRTY-TWO-CKLLKI) STAGE. 

Normal types of this stage, as shown in tig. 23. Plate VI, were found 
to make up about 130 per cent of one lot of eggs, and were noted spar- 
ingly in all oth(u*s. Fig. 23 is plainly a derivative^ of forms like tigs. 
10 and IT. and. while it may 1 k‘ called noianal, is noticeaibly diti'erent 
from \\'ilsoirs tigui'evs of th(‘ same stage for S<rr<tnus (tigs. 0, S, 9, 
and lo). No section of this stage will he given. Its internal struc- 
ture will ])(^ made clear hy refeiaaice to tig, 40, Plate \"I1, a sixteen- 
celled blastoderm ready to divide into thirty-two. The two central 
cells will divid(‘ hoidzontally, the two lateral ones by an oblique plane 
resulting in six sin-face and two int(‘rior cells. (Compart' Wilson's 
tig. is.) 

Fig. 4t), Plate VIII, is a sec-tion from a flat-topped abi‘upt-edged blas- 
todei-m, di*awn with tlu‘ same magnitieation as the othei-s. It serves 
to show th(' ineijualities in tin' size of the blastodei*ms. The pt*ri- 
pheral cells are V('ry much tlatti'ned above, though retaining their 
round(‘d forms below. To the right the section cuts the point of a 
sixth eell. The segmentation cavity (n. c.) is partially tilled with 
cells. The larger and lower cell seems to have bc'en cut oil from the 
(-entral periblast (c. j).), from which it is separated l)y a cell wall so 
delicate that the oil imnn'i-sion only will detect it. It is like the |)ei‘i- 
blast in that its pei‘iph('i*y contains many yolk granules. 

Fig. 24, Plate VI, is an ai‘(‘h('d type, with the Inghest point i-ather 
nearer the lower side. The twenty-S(‘ven outei- cells are in three 
tiers, and while the second is i)i-ett 3 ^ shai-pW marked ofl’ from th(‘ tirst 
there is but little difl'ei-ence in lev(‘l between it and the third tier. 
There is hei*(‘ iiotici'able a svmmetrv comparable to that in tigs. T and 
S. Till' plane 1 — 1 in all probabiliW represents the tirst, 2 — 2 the sec- 
ond line of division i'cfei‘able to lig. 4. 

A centi-al section thi-ough tig. 24 in the plane ((■ — h is shown in lig. 
50. Plate Vlll. The t)crii)hei’al cells form an arch with the highest 
point slightlv to one sid(', and Inclose a segmentation cavitv whi(‘h is 
almost tilled with cells. The two smallei' cells have been cut ofl* from 
the ])erii)heral oni's, th(‘ larger probablv from one of its fellows. The 
periblast is thick and volkv. A moi*e pi“onounced laige-ended tvpe 
is tig. 51. Here tin* segmentation cavitv is somewhat eccentric, and, 
as in lh(‘ })r('c('ding, tlu' thick end ovei‘haj)gs the base. The spacious 
seguK'ntation cavitv (-s-. r.) contains one cell which abuts on a curious 
tongue of protoj)lasm fi’om a partially s(\gmented region on the left. 

Fig. 25, Plate \M. is a tvpical high-})iled blastod('rm, whose cells ai’e 



NO. 1431 , 



BREEDING IIAIUTS AXD FJUi OF PIPEFISH— (UDaER. 



483 



iUTun^‘<nl in tlir<M" Inyors. Its hi^lu'st c(41 is slio-hdy e(_T(‘iitri(‘iilly 
placed, and one of the ax(‘S of the hhistodenn is soiiu‘what longer 
than tlie other. Fi^*. 52, Plate VIII, is a central section throuoh a 
similar but slio-htly older hlastodei in. The inai*^inal cells are sharply 
marked oil fi'oni tin' outer perildast {(f. ]>.). The ai*ch is hi^-h and 
round. On the left, two cells ai*e impeiieetly separated, and a tongue 
of protoplasm, fi‘oni whicdi a c(41 Vias been cut otf, proj<*cts into the 
laro’c segmentation cavity. The perililast, torn oil at tln^ right, is in 
tli<‘ centei* reduced to a mere tilni of ])i-otoplasm with much yolk 
adhei-ent lielow, thus giving it tln^ bi-eadth as drawn. 

Fig. 53 shows a structure 1)V no iiK^ans uncommon in the egg of 
Si/)hosto}H((. It is a thirtv-two-celled stage in which no periblast has 
yet been form(‘d. The cells are in two layers, tin* long (adl on the 
nppei- right is iu*arly ready to divide, and underneath the whole is a 
thick layer of protoplasm in which three vertical cell walls extend 
downward and are lost. Later transverse walls will appeal* and c*ut 
tliese (‘ells out of the syncytium, finally leaving a p(M*iblast layer 
below. There is a very small segmentation cavity {.v. c.) and the large 
cell to the right has a vacuole (/\). Ziegler (1SS2, tig. 2) tigm*es an 
almost identical sti’uctur<‘ foi* the salmon. Kowalewski (ISsr>, ligs. 1 
and 2) portrays essentially the same conditions in the goldfish, llotf- 
mann (1SS8, tigs, h and A. especially) descidbes a similar structure in 
th(‘ salmon germ. And latest of all llis (181)8, figs. 7 and 10) confirms 
th(‘ figures and descriptions of the (xirlicM* workers on the Salmonoids. 

Fig. 26, Plate VI, is a very int(M*esting dividi'd blastod(‘rm of this 
stage with eighteen ceils in one division and fourteen in the other. 
Such structures have Ixmm) met with o<*casionally in stages of from 
sixteen to sixty-four cells, but es])ecially abound in the eggs from one 
fish. Out of twenty of these (\ggs killed in picro-acetic, five weie like 
the one figured. That these were not artefacts is shown l)y tin* fact 
that eggs of the same lot killed in formalin also contained divided 
blastoderms, the iininbei’s of which were unfortunatelv not noted. 
In each division a segmentation cavity exists, and tlie line of separa- 
tion is broad and definite down to the periblast. These points are 
brought out V(*ry definitely in fig. 54, IMate \ III, a section through a 
similar l)ut older blastoderm. In the left half there is a small segmen- 
tation cavity (.V. r. ); on the right, howev('r, tlanv is none. There is 
no piM'iblast. Cells have been cut out of the mass of ])roto]jlasni, 
leaving a thick gei-m basis in which ar(' found vertical cell walls and 
a number of vacuoles (/'.), and which is filled below with fragmtmts of 
yolk. Fig. 55, l^late IX, is a divided sixtv-four-celled stage of the 
thick-(mded type. The furrow Ix'tween the two ])arts is here not so 
wide. In other blastoderms this may swell out to a vesicle at the 
bottom or be reduced to a mere line, as in the two-celled stages above. 
There is a segmentation cavity in each portion^ but there is no distinct 
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|)(M'i}»lnst, tlie ]):i.sal layer of iirotoplasni Inano* thick with a laro-e vaeii- 
oh‘ and full of yolk in its lower part. In some cases, where the plane 
of se^iaration is reduced to a line, the (‘ells are drawn out into long 
points toward the ))ase as if a tine thread, used to separate the parts, 
had elongated the cells downwai'd. 

The only reference to such peculiai* conditions as shown in these 
tigui'cs is found i?i a short section on Coregonus in Eycleshynier s 
paper on Amblystonia (18h5, tig. 35 and others). This writer thinks, 
however, that these divided hlastoderins do not result in double 
embryos. The same seems to hold true for the pipetishes of Beaufort, 
for although thousands of eggs and hirvie and hundreds of adults, 
alive or preserved, have been examined, only two apparent cases of 
deformation ha\ e been found by the writer. The literatui*e of these 
lish(\s contains but few references to abnormalities. M. ^lalm (1802) 
describes a St/iupudhux with two caudals. Ryder (1884) reports a 
Sy}i(jn<(tJn(i< with two anals. However, Rathke (1837) reports in the 
Syngnathida‘ of the Black Sea many abnormalities of the snout, eyes, 
and tail, due. he thiidvs, to retardation of development. 

A fair exani])l(‘ of th(‘ late stages of segmentation is shown in 
tig. 27, Plate VI. Here the thirty-eight cells are in three tiers, with 
one cell high above all. There is an elongation in one axis, possibly 
a derivation of the condition found in the eight-celled stage, and a 
curiously regular arrangement of certain cells. On the whole, how- 
ev^ei*, the segmentation is very irregular, and it becomes more so later; 
linally all trace of symmetry is lost, and the blastoderms become 
almost circular in outline. No surface views of later stages will be 
given, since, as the cells gi*ow smallei*, the blastoderms approach more 
and more the ordinary teleostean form. 

STAGE OF SIXTY-FOFR CELLS. 

Artificial fertilization being impossible in Sip/tostoma^ one can not 
divide late material into stages by hours, and the great!}" varying 
shapes of tlie ])lastodei-ms make it impracticable to classify sections 
1)}^ the number of rows of cells in ca(*h, as some writers do, so it 
becomes necessary to devise an arbitrary scheme. This sclieme is to 
(‘Oiint the periphei’al cells in the central section of a blastoderm, then, 
assuming a like number in a section at right angles to this, by squaring 
this nnmbei* th(‘ approximate number of surface cells is found. The 
size of the cells sei’ves as a check to this. 

Fig. 50, Plate IX. with eight periphei'al cells, is from a iiormal type 
of the sixty-four c(41ed stage. The central periblast (c.y>.) is thick 
and yolky, and at the right is a cell not yet cut off from it. The 
segmentation cavity (.v. c.) is tilled with cells, some of which are ready 
to divide. 

Fig. 57 is derived from a fiat blastoderm of the preceding stage, 
and, by comparison with tigs. 45 and 47, Plate VI II, is s(vn to have 
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underuone eoiisidenible divdsion in horizontal planes, as is shown hv 
the niiinber of cells tilling the segmentation ea\ ity. The large nuclei 
are in the spireme stage, and in the left marginal cell there are two 
large vacuoles. 

The high-arched type of tliis stage is shown in tig. 58, a d(M*ivative 
of a structure like tig. 58, Plate Vlll. The suidace falls steeply into 
the outer periblast {o, />.), the cells ai’e all rounded and have small 
nuclei. Very interesting are the two cells which are incomplete!}" cut 
otf from the centi*al ])eriblast (c. ]>.), S(*attei*ed yolk granules are 
found in some of the cells. The niitoti(‘ tigures indicate that division 
into the next stage has begun. 

In tig. 5b we have an example of the thick-ended type. The section 
is slightly to one side of the center, and shows one cell just free and 
another not yet cut out from the thick yolky peril)last. Note the vacu- 
oles which help to delimit c(dls. In the central seidiou the small segmen- 
tation cavity ('''. c.) becomes somewhat larger. The outer cells are 
tlattened on the exteidor, and the whole structure is very like tig. 55. 

STAGE OF ONE-HUNDKED-TWEXTY-EIGHT SUKFAOE CELLS. 

The normal gently arched type is represented in hg. 00, a nearly 
centi'al section of a blastoderm of this stage. The central periblast 
{c.jk) is here thick and fairly well delimited from the yolk below. Of 
especial interest are the cells in the act of being cut out of it into the 
segmentation cavity. Very notable is the agency of vacuoles (c.) in 
this process. The cell next to the right marginal cell has in its lower 
part a nucleus, the lirst met with in the periblast region. 

Fig. (>1 is an example of the tiat-arched type. The central periph- 
eral cells, like those of the preceding stage, have undergone more 
division than their fellows. The periblast at the left is reduced to a 
mere line: at the right it is thicker and so tilled with yolk that one 
can tind no line of separation save where the whole has come away 
from the yolk. 

The round-arched type finds a good illustration in tig. 82. There 
are three points of interest in this section: tlu^ piesence of vacuoles, 
which help to separate the right marginal cell from the Rcuid;'^ the 
cell near the center still adherent to the central periblast, and, with its 
neigh) )ors, having some }"olk particles in it; and two pairs of neigh- 
boring cells with spindles at right angles to each other. These last 
illustrate the exceedingly irregular segmentation in the pipefish egg. 

Fig. d3 is a nearly central section through a blastoderm intermedi- 
ate between the normal and the thick-ended types. It is sharply 
marked ott' from the outer periblast, which it overhangs on the right. 
The segmentation cavity is reduced to the interstices between the 
cells. All alo g the germ basis, in all the sections, cells are being 
cut out and the pei-iblast layer left Jjehind. An especially intei’esting 
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viiso of this is found in tlio v(‘ry rnnt(M-. Soim‘ (*ells ,slu)\v mitotic 
tii 4 ’iires, and in others tlnu’e are ))eside th(‘ nuclei small solidly staining' 
round bodices of unknown function. 

Fio*. ()4, d(n-iv(‘d from tio\ 5i), is a tine example of its type. It is very 
Hat and the se^'inentation cavity is v(nw mnch reduced. TIk‘ periblast, 
pei'fectly free from yolk and as distinct below as above, has a layer of 
cells c‘ut out of it and at the left a micleus under the maru-inal cell and 
clearly d(‘rived from it. At one point near the center the periblast is 
reduced to a mere line. This tio’ur(‘, which is typical foi* the whole 
blastod(‘rm, is i-emarkably like llis's (bSHS) li^-. 10 for the brook ti*out. 



8TA(iE OP TWO-HUNDKED-FIFTY-SIX SERFACE f’ELLS. 

The noi’inal type blastoderm of this sta^e is shown in Hg. H5. The 
cells lyino- near the upper surface are considerably smaller than those 
in the lower parts nearer the periblast. To ihght and left ai’(‘ furrows 
with dilatations ludping to cut cells out of the ])eriblast, and at the 
center ai’e cells mairly free from it. 

Fi^\ ()() is ])lainly a derivative of in its general outline and in 

the reentrant angles which separate its outcu- periblast j^) from the 
marginal cells. The periblast is somewhat sunken in the yolk and free 
from cells throughout the whole blastoderm. The segmentation cavity 
is, because of this depression, large and is only partly tilled with cells. 
Neighboring sections show the upper surface to be as Hat as that in 
Hg. (>1. 

The third type is shown in Hg. iu fi’om a nearly central section. 
There is a very noticeable difference in the size of the blastoineres, 
some being fully three times as large as others. Here again are cells 
being cut out of the Inisal peril)last. They are in all stnges from 
rounded buds to a completely cut-out cell. Neighboring sections show 
iiuclei in each of thes(\ At the right are two c(dls connected by a 
stout protoplasmic* bridge. 

Fig. dS, Plate X, is a good example of the rounded type. The 
spacious segmentation cavity is loosely tilled with i*ounded cells. The 
periblast is throughout the blastodei'in in the form of two thick pads 
in the Iiiuid" region, but in the center it is very thin and obscured 
with yolk. Nowhere in the whole blastoderm are cells being budded 
off* from it. In the periphei*al cells there are, even in this advanced 
stage, two cases of protoplasmic bridges. 

A nearly horizontal section through such a l)lastoderm as Hg. 08 is 
shown in Hg. 09. This is introduced to show the arrangement of cells 
in horizontal ])lane. There is here a closcu* aggregation of cells to 
the peripheiw, the inner row being a derivative of the outei*, while in 
the center the cells are more scattcu'ing. 

Fig. To is from a blastoderm intermediate l)etween those from which 
ligs. 0e5 and 07, Plate IX, are taken. Neighboring sections are more 
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like <>5. Some of the oiitiM’ eelis show a t(ai(l(Mi<‘v to (‘Ion^-at(' and 
ai*(‘ so!iie\\hat smalho* tiian tlu' iiitm’ior ones. Uoth maro'inal pads 
are mieleated. and in one a e(*ll wall is eiittino* downwai’d. While the 
p(M’i])last has eelis restiiio- (>n it and (‘ven depressino- it, nowhere in the 
hlastodei-m is there any evidenee that th(\v have been budd(‘d otf. 

STAGE WITH FIYE-HTNOKED-TWELVE CELLS O.N THE ST’RFACE. 

Fio-. 7U the normal type, is vei'v similar to th(‘ i)]*eeedino- tionre. 
ll(‘r(‘ the cells are pretty uniform in size, and thos(‘ on the surface are 
noticeably elongattal, some b(dn<i;' drawn out in tine thivad-like con- 
nections — th(' be^’innino- ()f th(‘ *"/Av'/‘.sr///c//^'\)f the (iermans. Some 
of the nuclei ai*e in process of division by mitosis, but th(‘ majority 
stain solidly. The outer thickening's of the i)eril)last are nucleated, 
the basal portion is thin, yolky, and totally d(‘Void of eitluo* nuclei or 
cells. 

Thc‘ I’ounded type is linely shown in ti^-. 7ik The surface cells are 
slio-htly llattened and only occasionally point(‘d, and one on the ri^ht 
is binucleate. 44n‘ blastomeres arc* })v no mcaurs uniform in size, and 
on the* rio'ht is a ^^’iant cell with a proportionate nucleus. All the 
nuelei stain solidly. The pei’iblast is very thick, and, while* laden with 
yolk fragments, is fairly distinct below. The*re* aiv two nuclei in the 
periblast. One is in a thickening out of whie‘h a cell will probably be 
formed. Near by are e*e*lls which se*em to have been recently cut out. 

Fig. 73 is an excellent illustration of tin* tiat tyi)e. The blastomeres 
are very uniform in size and distril)ution, and are especially notewx)r- 
thy foi* the large number of dividing nuclei, with spindles at all angles. 
The chief inte*rest, however, e*enters in the periblast, which is thick 
and |)ossesses many yolk granules, but is perfectly distinct. In it to 
the right is a nucleus dividing by mitosis with a spindle coiisiderably 
longer than those* in the ])lastomeres. On the* left the section cuts 
through a chromatin bundle at right angles to the spindle. At the 
extreme left is found, for the tirst time, a nue-leus in the* outer peri- 
blast. The centi’al pei’iblast in this blastoderm is ^ e*i’v rich in nuclei 
dividing by mitosis. A cursory examination showed one vertical and 
eight horizontal ones. Another f)lastoderm, of the same lot and 
stage, contains, in its periblast, thirty-thi-ee obliepie spindles at all 
angles from neaidy veitical to nearly horizontal, twenty-nine lying 
hoiizontally, and seven standing in a vertical position. In all, sixty- 
nine spindles were counted (none twice). There are a very few solidly 
staining nuclei, but a great numbei' are cut, as al)Ove. through the 
chromatin masses, and these ai*e not counted. There can l)e no doubt 
that the spindles stand in all positions. 

The last type of this stage is tig. 74, The cells an* not uniform in 
size, and many are twice as large as the small ones. Most of the 
nuclei stain solidly, but some contain spindles. Two binucleate cells 
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arc [)rcseiit, the one in the periplnn-v heino- very large. This con- 
dition is far from rare in this and later stages. Some thirty cases 
have been particularly noted. The periblast is very thick, 3 ^olk}% and 
distinct. It contains several nuclei, and a cell is either being cut out 
of or is in process of uniting with the periblast. In other sections 
similar coiiditions are found. The reentrant angle, between the outer 
periblast and the ‘’'Rand"" in this and tig. 78, recalls the like in tigs. 03 
and 00, Plate IX, and tig. 47. Plate Vlll, and in His's tigures for the 
Salmonoids referred to above. 

STAGE OF ONE THOUSAND-TWENTY-FOU R SURFACE CELLS. 

Fig. 75 represents the normal type and presents several points of 
interest. The surface cells show a considerable flattening, and adjacent 
to them are other cells with their bases generally at right angles to 
the former, making the outer la}"er in places two cells thick. The 
inner cells show a tendency to run together in threes and fours. The 
chief interest, however, centers in the periblast. This is notablv free 
from yolk and is drawn exactly as it appears. Nuclei are scattered 
verv freely throughout its entire extent in all sections, and nearly 
surround the large vacuole to the right of the center. At the left a 
large cell, which has recentlv been cut out of the Rand^'^" is dividing 
bv mitosis. A large number of cells rest on and Indent the periblast, 
and are either being cut out of or added to this latter. The close jux- 
taposition of these cells to nuclei in the periblast would seem to lead 
to the former conclusion. 

The second type is represented in tig. 76, which, judging by the 
number of cells in the peripherv and bv their size, is from a blastoderm 
slight! V younger than the preceding. The periblast is sunken deepl}^ 
into the 3 ^olk, and has thus nearly doul^led the segmentation cavit}", 
which is sparingly tilled with scattered cells. The thick periblast is 
so ol>scured with volk that no nuclei could ho> found. It is here free 
from cells, l)ut nearby sections show a condition in this respect like 
the preceding figure. In the Deckt<(di!c]d^"" near the center, is a 
binucleate cell, while its neighbor has a spindle. 

Fig. 77 is from a rounded blastoderm of about the same stage as the 
preceding. A Decked tudd'" can hardly be spoken of here, for the 
outer cells are nearly all round. The segmentation cavity is reduced 
to the small interstices between the cells. The greatly thickened peri- 
blast is full of large vacuoles, and abounds in nucdei in all the sections, 
and near the center seems to be budding off cells. In the left ^^Ran<P 
there is a mitotic flgure fully twice as large as any in the blastomercs. 

No better illustration of the lens-shaped blastoderm so characteristic 
of late Teleost segmentation than lig. 78 can be given. It probably" 
has been derived from a form like the preceding bv the pressure of 
the cells against the eggshell, causing the periblast to be depressed. 
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Thus the seynioiitation cavity has been enlarged and the cells are more 
scattered than in the preceding. The cells are grouped in twos, 
threes, and fours. The thick periblast has several nuclei in tlie rest- 
ing condition. There is a well detined '‘epidermic stratum," as the 
English writers tei’in the outer layer of cells. 

Fig. 79 represents the last type of this stage, and need detain ns 
but for a few moments. Its outer cells are tiattened and une(|ual in 
size, and the interior cells are the largest of all. The periblast is veiw 
thick, yolky, and indented from below by large vacuoles. On the 
left a large cell lias lieen cut out of the and at the right a cell 

indents the perililast, while in the center cells seem to be in process 
of foi’ination from the basal hyyer. This blastoderm is closely related 
to that illustrated in section by tig. 74. 

Fio-. SO is a horizontal section through some such blastoderm as 
that illustrated in vertical section in tig. 78, Plate X. It shows the 
loose arrangement of the interior cells, and the drawn out cells of the 
"" D<rkschJcht.'^ This was broken at several points in the process of 
sectioning. 

LATEST STAGES OF SEGMENTATION. 

From this time on it is not protitable and is hardly possible to 
follow the segmentation, but some tigures may be introduced to show 
tlie course of development. 

Fig. 81, Plate XI, is pi'obably a descendant of a form like tig. 70, 
Plate X. There is an ejiidermic 'stratum,'’ the cells are loosely 
scattered in the huge segmentation cavity. The periblast is quite dis- 
tinct, free from yolk, and has a good many nuclei. Just across the 
border from one of these nuclei is a cell, in anothei* place a cell lies in 
a depression in the periblast. 

Fig. is another type with with cells fairly closely 

crowded in the segmentation cavity, and with a very thin periblast 
out of which cells are being budded or into which they lose them- 
selves. At one or two places the periblast is reduced to the thickness 
of a cell wall, and in neighboring sections nuclei abound in it. In the 
left outer periblast two tripolar spindles are found. These have been 
noticed occasionally in other sections. 

Fig. 83 is the typical Teleost late lens-shaped blastoderm. It closely 
resembles P4isari's (1890) tig. A for Crist icep^'<^ and is almost a duplicate 
of Sainassa's (1890) tig. 3 for the salmon in corresponding stages. 
The depression of the blastodei-m into the yolk is probably due to 
pressure against the eggshell. In the highest part of the epidermic 
stratum is a veiw large cell, and in the right ^"Tuuur'' a giant nucleus, 
which is separated from the neighboring cell by hardly more than the 
(‘ell wall. At the I<d‘t a cell has been cut out of tlie The thin 

periblast has resting on it many cells, neither the origin nor the fate 
of which can safely be passed upon. 
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EARLY STAGES PREPARATORY TO INVAGINATION. 

Fio\ 84 is a noiaiuil type in which the cells are heginnino- to move 
away from th(‘ periblast, to crowd togethci* in the up])er part of the 
blastoderm, and to leave a su])germinal cavity (.v, g. c\) between them 
and the periblast. The line marked is, in this and the following 
sections, the loAver limit of the cells. The outermost cells of the blasto- 
derm have tiattened until they make a very thin skin-like layer. The 
periblast is comparatively free from 3 ^olk granules and is here drawn 
after nature instead of scmi-diagrammatically. 

The second type is represented in tig. 85. The cells are densel}" 
crowded, the periblast depressed, and the sul)germinal cavit}^ (.s-. g. c.) 
is very large. The peril )last is very thick and yolk-laden, and so 
heavily stained that only one nucleus could be made out. 

Fig. 8b illustrates the thick-ended type. In this section the cells 
are not so closely crowded as in the preceding, but a distinct subger- 
minal cavity is formed. The very distinct periblast contains many 
large nuclei, and on the left is sepaiated from the blastoderm by a 
sharp reentrant angle. A very large l)inucleate cell is shown, and 
nearby two others are found. On the left is shown a cell of ordinary 
size. 

Fig. 87 represents the high-arched type like tig. S3, which has i)egun 
to flatten out in preparation for the next stage. This battening is 
probably responsible for the small subgerminal cavity. The periblast 
has many large nuclei. Two blastomeres shown indicate the size of 
the cells at this stage. 

LATE STAGES PREPARATORY TO INVAGINATION. 

Of these only two will be shown. Fig. 88 is the normal teleost 
structure for this stage. The cells are all closeh^ crowded into a high- 
arched band, having a large subgerminal cavity {s, g, c\) below. The 
peril)last is here tilled with yolk and contains many tiattened nuclei. 
The Idastoderm has begun to spread out over the yolk, and the section 
in hg. 88 is 25 pei* cent longer than that in tig. 84. 

Whethei’ the slight ditfereuce in shape of tig. 89 in comparison with 
tig. 88 is due to contraction caused by the killing fluid or whether it 
is due to descent from a form like lig. 8b would be hard to decide. 
Possibly the latter idea is con-ect. The periblast is lilled with yolk 
fragments, and the nuclei are very much tiattened. 

VII. THE PERIBLAST. 

The origin of this layer, together with many of its peculiarities of 
structure, has been iioted i]j the d(‘scri})tions of the plates. It is not 
my iiitention to go now into any extended discussion of its formation 
and fate. However, it will be well to describe briefly the various 
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modes of its formation in othcM- Teleosts, and to show inidei- which of 
these classes the jiipetish e^< 4 ’ falls, and tinally to o-ive refin’cmces to a 
few of the more valuable papers on this snliject. 

In Teleosts the perililast layer seems to be foi'ined after three types: 

(1). In eo-gs, in whi(‘h the first furrow cuts through to the yolk, tlie 
periblast is formed by a thin protoplasmic sheet (‘xtending inward 
from the " liund,'" llennegny (18S8, tig. dM) shows this ymy plainly 
for the trout. 

("1). In eggs, in which there is no layer of oil drops und(U’the germ- 
disk, or those in which the pi-otoplasmic mass si'parates sharply from 
the yolk, the periblast is formed when the inner (mkIs of the cells in 
the four and eight celled stages are cut out and lifted from the under- 
lying thin protoplasmic sheet. This is the mode of formation in Ser- 
nnofs (Wilson, 189L), Cftoiohfhrffs {Agnsdiz and Whitman. 1885), and 
Bdone (Kops(‘h. 1901). 

(3). In eggs in which there is an imperfect separation of germ disk 
and yolk, or in whiidi there is a layer of oil drops under the l)lasto- 
disk, the central periblast has a very peculiar mode of origin. Cells 
are cut out of the protoplasmic disk in successive layers from above 
downward and the central periblast is the nannant of blastodisk left 
when this process has ended. The explanation for this is that the 
protoplasm continues to How out of the yolk into the germ disk until 
segmentation has piogressjal soirn^ distance. Kiiptfei' (18d8) noticed 
that the germ disk was not fully formed in a Europ(ain Syn(jm(tJnts 
until after the four-celled stage. This formation for the central peri- 
blast is desci'ibed by most workers on the Salnionoids, notably by 
Zeigler (188:^), and llotlmann (1888), for the salmon, and latest of all 
by His (1898) for tlie salmon and trout. Kowalewski (1886) found 
essentially the sam(‘ foianation in f b/v/xsv5/.s' and yaaintlnfx, 

1Te central periblast nuclei, in t^pes 1 and *2, originate' by divi- 
sion of the ""RiOkd"' nuclei and migrate central wards in this layer. 
In Type 3 they ai’e the direct descendants of the segnnmtation 
cells. 

In SJj)hosfoh)a forideV there ai*e found the two methods of central 
peril)last formation d('S(U‘il)ed in Types 2 and 3 al)Ove. In tigs. 40, 
45, 46, 47, 48, and 52 for the eight and sixteen-celled stages, there is 
shown a mode of foi'ination for the periblast which negatives the 
idea that from it there (‘ould ever come any after-segmentation,'' 
On the other hand, in tigs. 53, 54. 55, 58. 59, 60, 61, and <12, the central 
periblast is the protoplasmic remnant of the primary germ disk, left 
after all the blastoderm cells have been cut out of it. It is well to 
note here that a migration of nuclei into the marginal region and the 
formation of a ^Svreath " by the disappearance of cell walls has, 
because of the opacity of the egg, not been seen in the pipetish. 
Whether it takes place oi* not I can not sa}x 
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The diflieiilt (jnestion, whether, in tlie eo’o* of the pipefish, cells nre 
budded olf from the cent nil periblast and added to the blastomeres, 
can not here ))e taken up. However, this would seem to be a le^dti- 
mate eouseipuuiee of such a mode of eidl formation as that shown in 
Type 3 above, and apparently finds continuation in tigs. 75, 77, 79, 
and 82, in whic'h a perfectly detinite periblast layer has been formed. 
If these tigures are compared with His's (1898) tigs. 10 and 12, this 
matter will be made cleai'er. 

For a fuller discussion of the origin of the periblast and its nuclei, 
and of the fate of the latter, the reader is referred to Brook (18S7), 
Ivowalewski (1886), llotfmann (1888), Fusai’i (1890), P>erent (1896), 
Zeigler (1887 and 1896), His (L898). and Hertwig (1903). 

At this point, the work on tlie development of the pipefish will have 
to rest. It has been the intention of the writer to carry it further, at 
least to the closure of the blastopore, and for this pur})Ose the sections 
have been cut, l)ut the dithculties met with have caused so many 
delays that it has been impossible to complete it. 

The egg of the pipolish is very ditiVrent from most other teleostean 
eggs in the form of its segmentation and the dual origin of its peri- 
blast, togetlier with the after-segmentation"' of cells therefrom. So 
marked are these differences that it seems proper to say that the 
figures in this paper are representative of the sections of a tliousand 
or more eggs, ol)tained from thirty-thi’ee fishes during three summers. 

The slides containing the sections from which these figures Avere 
drawn have been presented to the U. S. National Museum. 
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MAGNIFICATION. 

Fig. 1, Plate V, X ^8; all other surface views X 73. 

All sections X 114. 

REFERENCE LETTERS USED IN TITE FIGURES. 

a-hy c-d. Planes in which were (*nt sections shown in Plates VII and VIII. 

h. Biul. 

c. p. Central periblast. 

d. h. D'ls'qne hulleiu'y 

r>. In fig. 1^0, furrows not visible in fig. 21. 

0 . /). Outer periblast. 
p. h. Protoplasmic bridge, 
s. c. Segmentation cavity. 
s. g. c. Su)>germinal cavity. 
x\ Vacuole, 
ros. Vesicle. 

X. Lower limit of cells in figs. 84-88. 

Plate V. 

Fig. 1. Egg in shell, blastodise resting on ^^dhque huileux’’ which covers the upper 
third of the yolk. 

2. Two-celled stage, blastomeres equal. 

3. Two-celled stage, blastomeres une(nial, vacuole in plane of division. 

4. Four-celled stage, regular, segmentation cavity present. 

5. Irregular 4-blastornere stage. 

6. Fonr-blastomere stage, reniform, segmentation cavity absent. 

7. Normal 8-celled blastoderm. 

8. Eight-blastomere stage, sliglitly irregular. 

9. Irregular 8-celled blastoderm. 

10. Plight-celled blastoderm formed by equatorial furrow. Cells 4-4. 

11. Irregular 8-cel le<l blastoderm with ecpiatorial furrow. Cells 2-0. 

12. As above. Two u]iper cells smaller and shifted to one end. 

Plate VI. 

13. Irregular 8-celled blastoderm, with one cell in center. 

14. Seven-celled blastoderm, ecpiatorial furrow cutting off 3 u])]ier cells. 

15. View of same from below, vertical furrows only visible. 

10. Normal 10-cel led stage, cells on one level. 

17. Normal I6-celled stage, central cells slightly raised. 

18. Irregular 10-celled stage. Cells in two layers, blastoderm thicker at lower 

edge. 

19. Irregular I6-celled blastoderm. Cells in two layers, blasto<lerm highest in 

center. 

20. Irregular 12-celled stage, derived from a form like fig. 14. 

21. View of same blastoderm from below, showing small segmentation cavity. 
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Fig. 22. View from ])elow of a higli-archecl 16-celled stage, showing 9 cells in the 
first tier, (\ in the second, and 1 keystone, together with the large seg- 
mentation cavity. 

21k Nearly normal 32-celled blastoderm. 

24. Irregular 27-celled blastoderm. Cells in three tiers, lilastoderm thickest at 

knver edge. 

25. Irregular 28-celled stage. Cells in three tiers, blastoderm highest in center. 

26. Divided 32-celled blastoderm, 14 cells in smaller, 18 in larger division, l)oth 

resting on a common protoplasmic basis. 

27. Later stage, with 38 cells, showing the growing irregularity of the segmenta- 

tion. 

Plate VII. 

28. Section through germ disc, 5 hours in water. Below the dotted line yolk 

and protoplasm are mixed. 

29. Section through germ disc, 11 hours and 20 minutes in water, showing 

formation of buds. 

30. Section through germ disc 26^ hours in water. 

31. Section through germ disc 36-48 hours in pouch. 

32. Section through center of 1-ceIled stage like fig. 1, Plate V. 

33. Section through 2-celled stage. Protoplasmic fibrils at right angles to the 

plane of the furrow. 

34. Stage of 2 cells, section through a-h of fig. 2. 

35. Irregular 2-celled stage, section through a-b of fig. 3, showing vesicle at 

base of furrow. 

36. Two-celled stage, furrow taking form of narrow cleft. 

37. Furrow of 2-celled stage formed by Ijreaking down of walls of vesicles 

lying in a vertical series. 

38. Horizontal section through 4-blastomere stage of fig. 4. 

39. Stage of 8 cells, section through plane a-b of fig. 7. 

40. Stage of 8 into 16 cells, section through c-d of fig. 7. 

41. Eight-celled stage, section at right angles to long axis of such stages as figs. 

7 and 8, showing protoplasmic bridge. 

42. Stage of 8 cells, section in plane a-b of fig. 10. 

Plate VIII. 

43. Eight-celled stage, section through a-b of fig. 12 showing a protoplasmic 

bridge. 

44. Sixteen-celled .stage, section in plane a-b of fig. 17. 

45. Stage of 16 cells, section through plane a-b of fig. 16. 

46. Stage of 16 cells, section in jdane a-b of fig. 18. 

47. Sixteen-celled stage, section through blastoderm like fig. 19. 

48. High-arched 16-celled stage, section through blastoderm like fig. 22, with 

large segmentation cavity. 

49. Stage of 32 cells, section through a blastoderm like fig. 23. 

50. Stage of 32 cells, high-arched type, section is through a-b of fig. 24. 

51. Stage of 32 cells, thick-ended type with large .segmentation cavity and thin 

central periblast. 

52. Stage of 32 cells, section through a high-arched blastoderm similar to fig. 25. 

53. Thirty-two-celled stage. No penbktsi; two tiers of cells cutout of a solid 

mass of protoplasm. 

54. Divided 32* to 64-celled stage. No periblast; basal protoplasm thick, with 

many vacuoles, and having cell walls cutting down into it. 
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Plate IX. 

Divi.kMl tl.ick-oiulecl :!2 to (U-relled typo of l)la.toaerm. Tho ^plit is here a 
narrow vertical cleft, t’cll walls are pushing into the hasal layei whuh 

has large vacuole.'^. , i . 

Stage of 64 cells. Section through a normal or gently arche.l type. U 

cell not vet free from central perihlast. 

Staize of 6>4 cells. Type ^vith Hat surface ami abrupt edges. X uclei are very 

large and in spireme stage. i , 

Same stage. High-arched type. Cells still connected to perihlast layer. 
Section through thick-ended hlastoderm of (i4-celled stage. No distinct cen- 

tral i)cri blast. , . . 

stage of 128 surface cell.s. Normal type with 7 cells in i-rocess of tormation 

from hasal layer of protoplasm. 

Second type of 128-celled stage. Central perihlast laden ivitli yolk. 
lligh-arJhed type of this stage. Mitotic spindles stand at all angles to eaid. 

7ther, and vacuoles aid in cutting out the cell to right. 

Fourth type of 128-celled stage. Cells are heing cut out ol the basal sync\ - 
tium, the “Akoid” is separated from the outer perihlast by a sharp re-en- 
trant angle. >hmy of the darkly stained nuclei have beside them solidly 

stained bodies of unknown functinn. rp, • 

A section through another tl»i(‘k-ended blastodcu-m of this stage. len is 

no central perihlast: cell.s have been cut out of the syiicvtiuni 

Normal tvpe of i56-celled stage. The nuclei all stain solidly, cells are being 
cut off from the perihlast, the “/MmC’ is nucleateil. rins is the eaihest 

staee with nuclei in central peril )last. , ^ ^ 

Sttage of 250 surface cells, second type. “Rwul" sharply marked off from 
the outer periblast. 

Same stage, third type, showing cells in process ot formation in tin ha>al 

svncvtinin. _ 

Plate X. 

High-arched type of this stage, with solidly stained nuclei-perihlast wholly 

free from cells. Uer 

Horizontal section through hlastoderm of same stage as that ot 

68 is a vertical section. n 

Vertical section through blastoderm intermediate bet^^ een gs. anc 3 / . 
ytage of 512 surface cells, normal ^type. Surface cells show a notable elon- 

gation, some forming “bridges.” . ^ 

High-arche.1 t> pe of this stage. The cells are ot mmqual sizes, 
stain solidly, tl.e perihlast is nucleated ami 
Same stage, flat-topped, ahrupt-edgeil type. The hniu is o ) 

form. At the left a spimlle in the )ieriblast is cut tlirotigh m tlie cliroma- 
tiii mass while on the right a whole spimlle is shmvn. 

512-celled stage, fourtli type. “AVmd” ami thick pcrdi ast iiucl. at. . 
Some cells with mitotic figures, but most miclei , 

Stage of 1,024 cells on surface, normal type. Outer cells flatte i „ 

an epidermi.: stratum whicli is at places two-layered. A any 
vacuoles are found in the v'criblast, out of which a iimiiher o . 

Sainc'stage! second type. The periblast is sunken in the yolk, and the 
hlastonieres only sparingly fill the segmentation cavity thus enlarge. . 
The iiu.-lei are in the si.ireme stage ami a '‘DecMichl is presen 
. High-arehed lyi>e of this stage. The thii-k periblast is vacuolated and has 
a giant H\>in<lle at the left 
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Fig. 7S. Section from a blastoderm like 77, l)ut with [)eril)last deeply sunk in the 
yolk, thus greatly enlarging the segmentation (‘avity. 

7h. 1,024-blastomere stage, fourth type. A ^'DechxhichU^ is forming and the 
periblast is giviiJg rise to cells. 

Pl.ATK XI. 

80. Horizontal sectiim ti)rongh a blastoderm of the same stage as fig. 78. Epi- 

dermic stratum very definite and in }>art two-layered, 

81. Late stage of segmentation. Sc^ction from a blastoderm intermediate 

between the gently arched and the thick-ended types. Blastomeres scat- 
tered in the large segmentation cavity (‘aused by the down-sunken periblast. 

82. Late segmentation stage, round-arched tyi>e. Epidermic layer present. 

3Iany cells resting on periblast and i)robably formed from it. The left 
outer iKU'iblast shows two mnltii)olar spindles. 

8M. Section through late lens-shaped blastula. The 'MJeek^chlchU^ is two-layered, 
an<l the i)eriblast, which has no forming cells, is deeply sunken. 

84. Outline section of normal type late l)lastoderm. The cells have moved 

u])ward, forming a compact mass, the lower limit of which is marked x x, 
and having a large subgerminal cavity. Uiant nuclei in peril )last. 

85. Late blastoderm, second tyi)C, showing same structures as tig. 84. Periblast 

much sunken. 

8(3. Same stage, thick-ende<l type. Periblast is thin and multinncleate. A 
large l)inucleate cell is shown. 

87. Same stage and structures as above from a blastoderu] like fig. 88. Many 

resting nuclei in periblast. 

88. Xormal type blastoderm spreading over yolk preparatory to the beginning of 

invagination. 

89. Section from a blastoderm similar to the above save for a slight variation in 

shape. 



